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Item #20 Continued

Reversion Assay and the L5178Y/Tk/- Mouse Lymphoma Assay. Neither
C.I. Solvent Yellow No. 33 nor the C.I. Solvent Green No. 3 -
C.I. Solvent Yellow No. 33 mixture were positive in inducing in vivo
SCE. All three dyes were tested in the standard plate incorporation
test in seven strains TAIOO, TAl02, TA104, TA1535, TA1537, TA1538,
and TA98. The dyes were negative with and without exogenous activation
in TA98, TA1535 and TA1538. One test with TA1537 was positive using
the >99.9% pure yellow dye. All three dyes gave weakly positive
results (less than a twofold increase) with S-9 in TAIOO. All three
dyes were clearly positive in TA102 and TAI04 both with and without
S-9. All three dyes were found to induce mutation at the thymidine
kinase locus in mouse lymphoma cells. Preliminary experiments (not
financially supported under this lAG) indicate that the three dyes
are clastogenic to mouse lymphoma cells.
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FOREWORD

All of the mutagenicity assays were performed in the Genetic
Toxicology Division of the Health Effects Research Laboratory
(HERL), US Environmental Protection Agency (USEPA), Research Triangle
Park, NC. The Salmonella Reversion Assays were performed under the
direction of Drs. Joellen Lewtas and Larry Claxton. The L5178Y/TK+/-
Mouse Lymphoma Assays were performed under the direction of
Dr. Martha Moore, and the in vivo Sister Chromatid Exchange assays
were performed under the direction of Dr. James Allen. The purified
yellow dye (>99.9% pure 2-(2-quinolyl)-l, 3-indandione) was supplied
by Drs. Rogene Henderson and Roger McClellan, Inhalation Toxicology
Research Institute, Lovelace Biomedical and Environmental Research
Institute, Inc., Albuquerque, New Mexico.
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EXECUTIVE SUMMARY

Dyes are used by the military in M18 marker signaling grenades.
A number of organic dyes are pr- -ntly being evaluated for potential
use in these grenades. In add .-on to engineering studies for their
performance in the field, the US Army is concerned with evaluating
any potential health hazards that might result from personal contact
with the dyes in the industrial setting. A part of this testing is
the analysis of potential genetic toxicity.

Three dyes, C.I. Solvent Yellow No. 33, a purified C.I. Solvent
Yellow No. 33 [>99.9% 2-(2-quinolyl)-1,3-indandionel, and a C.I.
Solvent Green No. 3 - C.I. Solvent Yellow No. 33 mixture were tested
for potential genotoxicity. All three dyes were tested for mutagen-
icity in the Salmonella Reversion Assay and the L5178Y/TK+/- Mouse
Lymphoma Assay. The C.I. Solvent Yellow No. 33 and the C.I. Solvent
Green No. 3 - C.I. Solvent Yellow No. 33 mixture were also tested
for sister chromatid exchange (SCE) induction in vivo in mice. The
in vitro mutagenicity assays were perfurmed both with and without
exogenous activation provided by Aroclor induced rat liver S-9.

Neither the C.I. Solvent Yellow No. 33 nor the C.I. Solvent
Green No. 3 - C.I. Solvent Yellow No. 33 mixture were positive in
inducing in vivo SCE. All three dyes were tested in the standard
plate incorporation test using Salmonella t vphimurium. Seven
tester strains were used (TA98, TAIO0, TA1535, TA1537, TA1538,
TAI02 and TA104). The dyes were not mutagenic either with or
without exogenous activation in TA98, TA1535 and TA1538. One test
with TA1537 was positive using the pure yellow dye. All three dyes
gave weakly positive results (less than a twofold increase) with
S-9 activation in TA100. All three dyes were clearly positive in
TAI02 and TA104 both with and without S-9. All three dyes were
found to induce mutation at the thymidine kinase locus in mouse
lymphoma cells. Preliminary experiments (not financially supported
under this IAG) indicaLe that the dyes are also clastogenic to
mouse lymphoma cells.
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INTRODUCTION

Dyes are used by the military in M18 marker signaling grenades.
A number of organic dyes are presently being evaluated for potential
use in these grenades. In addition to engineering studies for their
performance in the field, the US Army is concerned with evaluating
any potential health hazards that might result from personal contact
with the dyes in the industrial setting. A part of this testing is
the analysis of potential genetic toxicity.

Three dyes, a yellow dye (C.I. Solvent Yellow No. 33), a purified
yellow dye (purified C.I. Solvent Yellow No. 33) and a green-yellow
dye which is a mixture of C.I. Solvent Yellow No. 33 and C.I. Solvent
Green No. 3 were tested in this study. C.I. Solvent Yellow No. 33
is classified chemically as a quinoline. The principle color additive
of the C.I. Solvent Yellow No. 33 is 2-(2-quinolyl)-1,3-indandione.
and the additive of the C.I. Solvent Green No. 3 is 1-4-di-p-toluidino
anthraquinone.

In preliminary tests, (unpublished results) different production
lots (from those used in this study) of the C.I. Solvent Yellow No. 33 and
C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 mixture were'
evaluated in the Salmonella Reversion Assay (using strains TA98, TAI00,
TA1535, TA1537 and TA1538) and found to be non-mutagenic. The
L5178Y/TK+/- Mouse Lymphoma Assay and in vivo Sister Chromatid exchange
analysis were chosen to analyze more fully the genotoxic potential
of the dyes. In the course of the study it was established that both
dyes ,yere clearly positive in the Mcuse Lymphoma Assay. Since the
lots used in the present studies were different from those originally
tested in the Salmonella Reversion Assay, these new lots of the dyes
were retested in this assay. In these studies two new strains (TAI02
TAI04) were utilized in addition to the five standard strains. In
order to determine if the principle color additive in the yellow dye
or one of the impurities was responsible for the mutagenic activity,
arrangements were maed to obtain a >99.9% pure sample of 2-(2-quinolyl)
-1,3-indandione from the Lovelace Biomedical and Environmental Research
Institute, Inc. (BRDL). This pure dye was tested both in the Mouse
Lymphoma Assay and also in the Salmonella Reversion Assay (using all
seven tester strains).

-7-



MATERIALS AND METHODS

Organic Dyes

The dyes tested were:

Yellow Dye - [C.I. Solvent Yellow No. 33, 2-(2-quinolyl)-1,3-
indandione]

Yellow-Green Dye - [a mixture of C.I. Solvent Yellow No. 33 and
C.I. Solvent Green No. 3 (1-4-di-p-toluidino anthraquinone)]

Purified Yellow Dye - [C.I. Solvent Yellow No. 33, >99.9% pure

2-(2-quinolyl)-1,3-indandionel

Chemicals

C.I. Solvent Yellow No. 33 and the C.I. Solvent Green No. 3 -

C.I. Solvent Yellow No. 33 mixture were supplied by BRDL. Each
was analyzed by high presure liquid chromatography (HPLC; reverse
phase column; gradient of 90:10 methanol:water to 100% methanol in'i
10 minutes; I ml/min flow rart; UV detection at 254 nm). C.I.
Solvent Yellow No. 33 was 93.1% 2-(2-quinolyl)-l,3-indandione,
41.8% phthalic acid/anhydride and 40.4% quinaldine by weight.
The C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 mixture
was 95.0% 2-(2'-quinolyl)-1,3-indandione and 1,4-di-p- toluidino
anthraquinone (in a 1:2 ratio), <0.6% phthalic acid/ anhydride,
0.2% quinaldine, 0.1% p-toluidine and 40.1% quinazarin.

Purified yellow dye vas prepared by recrystallizing C.I.
Solvent Yellow No. 33 three times from ethyl acetate. HPLC analysis
showed that the sum of unknown UV absorbing impurities (quantities
based on peak heights relative to parent compound), and phthalic
acid/anhydride and quinaldine (quantitated using standards) was
40.1% of the 2-(2'-quinolyl)-1,3-indandione present.

-8--
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SALMONELLA REVERSION ASSAY

C I The procedures used were those of Ames, et al. (1975) with
minor modifications. Modifications are included in the description
that follows. For each sample, seven histidine-requiring strains
were used. The strains used were TA100, TA102, TA104, TA1535,
TA1537, TA1538, and TA98. The mechanisms by which each of these
strains revert to prototrophy are fully discussed in other publica-
tions (Ames et al., 1975; Maron and Ames, 1983). In addition to
these basic mechanisms, the reader should keep in mind the following
salient points. These strains carry an rfa mutation which produces
a deficiency in bacterial cell wall lipopolysaccharides and increases
the cell's permeability to large molecules; the uvrB mutation which
decreases genetic repair; the R-factor plasmid in strains TA98 and
TAl0O increases their sensitivity by participating in error-prone
repair and causes a higher spontaneous mutation rate. The seven
strains differ in the number of spontaneous revertants per plate
generally found. Compouncs which are known mutagens for the different
strains, with and without activation, were included in each assay
as positive controls. The retention of phenotypic characteristics
were checked with each test by examining for histidine auxotrophy
(lack of gr~wth on histidine deficient medium), deep rough character
(sensitivity to crystal violet on a disk), UV-repair deficiency
(sensitivity to UV light), and the presence of the appropriate
plasmid (resistance to ampicillin on a disk).

Frozen permanent cultures containing fresh nutrient broth cultures
with dimethylsulfoxide (DMSO) were maintained at -80*C. A working source
of these cultures was maintained on master plates. All strains were
initially grown in nutrient (Difco) broth at 37*C for 16 hours.

Preparation of Rat Liver S-9 Mix

Male CD-I (Fisher derived) rats weighing approximately 200 g
were given a single intraperitoneal injection of Aroclor 1254 (Ar) in
corn oil (200 mg/ml) at a dose of 50 mg/kg of body weight. One day
prior to termination the animals were taken off food but provided
water ad libitum. The livers were aseptically removed and washed in

*@ sterile cold 0.15 M KCI. All subsequent steps were performed at 00 to
4*C with cold sterile solutions and sterile glassware. The livers
were minced with scissors in 0.15 M KCI (3 ml/g wet weight liver) and
homogenized with a Potter-Elvehjem homogenizer. The homogenate was
centrifuged for 10 min at 9,000 x g, the supernatant (S-9) decanted
and stored in convenient aliquots at -80'C.

-9-



The S-9 is mixed with a cof actor solution containing 8umol MgCl,
32 mmol KCl, 5 umol glucose-6-phosphate and 4 umol nicotinamide
adenine dinucleotide in 100 umol of sodium phosphate buffer, pH 7.4.
The amount of S-9 used in the S-9 mix was between 0.05 and 0.1 ml
S-9/ml cofactor solution.

Test Procedure

For revertant selection, minimal. Vogel-Bonner medium E supplemented
with 1.5 percent Difco bacto agar and 2 percent glucose was used for
base agar layers. The top agar (0.6 percent Difco bacto agar, 0.5
percent NaCl) at 45*C was supplemented with minimal amounts of
histidine and biot!-, the bacterial broth culture (1-2xi0 9 viable
cells per ml) and tiie test material dissolved in DMSO (supplied
sterile, spectrophotometric grade). For tests without activation,
0.5 ml of buffer was added instead of the S-9 mix to the top agar.
The plates were incubated in the dark at 37*C for.72 hr. The
plates were examined for background growth and the number of colonies
per plate were counted using an Artek 880 automatic colony counter.

Preincubation was accomplished by incubating the bacteria, the
compound and/or solvent, and the activation system (S-9) (when required)
at 37*C in a water bath. The culture medium was the same as the
overlay agar except that the melted agar was not added until the
incubation was completed. The preincubation period was 30 minutes.
All other aspects of the procedure were the same as the plate
incorporation test.

Statistical Analyses

Statistical tests and computer programs used were those of
Stead, et al. (1981). This model assumes revertant colony formation
at any dose follows a Poisson process, while the mean number of
revertants per plate is a nonlinear function of up to four parameters.
The resultant system of nonlinear equations is solved using a modified
Gauss-Newton iterative scheme to obtain maximum likelihood estimates
of the model parameters. Significance of the key parameters was
tested by fitting reduced models and using likelihood ratio tests.

-10-



0

The determination of positives was based on the following
criteria:

* The data must not vary significantly from a Poisson distribu-
tion (p >0.01).

* The data must be acceptable by the test of adequacy of fit of the
S. the model (p >0.01).

- The test for mutagenicity, the slope of the curve, must be
significant (p <0.01).

• At least a twofold increase must have occurred over spontaneous
levels at one or more doses; otherwise, the response is recorded
as weak and/or questionable

• All positive and negative controls must have given expected
responses as compared to HERL, USEPA historical values and
those published by Ames et al. (1975).

S
• Histidine cross-feeding and/or contamiration must not have been

shown to occur.

The modeling of the bioarsay provides a valuable aid to the
researcher; however, each curve was (and needs to be) examined
individually in order to assure confidence in the apparent conclusions
of the statistical process. For example, if the dose response data
"rit" statistically a horizontal line (response vs. dose), the
model will under some circumstances record a mutagenicity p-value
less than 0.01; however, since the slope equals zero the response
is negative.

The reader must also keep in mind that these particular tests
were performed to maximize the chance of detecting a mutagenic
response and not to provide comparative slope values. Examination
of the data, therefore, shows that test doses were often adjusted
due to results of a previous test. These adjustments .obviously can
shift results from a negative response to positive result (e.g. if

a compound was initially tested at too low a dose response range)
and may alter the slope value (e.g. providing more doses in the
central portion of the dose-response curve).

S•
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The minimum testing requirements were 4a follows:

A minimum of five doses at half-log intervals with the highest
dose being highly toxic, as shown by background clearing and/or
reducticn in expected revertant counts per plate.

* Spontaneous and positive controls done at least in duplicate and
providing the expected response as compared to HERL, USEPA historical
values and those published by Ames et al. (1975).

* Positive controls (in duplicate) for the microsomal activation
combination used are within normal ranges as compared to HERL,
USEPA historical values and those published by Ames et al. (1975).

These minimum criteria are carefully explained in other
publications (Ames, 1975; de Serres and Shelby, 1979).

L5178Y/TK+/- MOUSE LYMPHOMA ASSAY

4 The C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 mixture,
C.I. Solvent Yellow No. 33 and the purified yellow dye were evaluated
"for mutagenicity in the L5178Y/TK+/- Mouse Lymphoma Assay using the
procedures of Clive and Spector, 1975, as amended by Clive et al., 1979,
and Moore and Clive 1982. This in vitro mammalian system evaluates
mutations affecting the thymidine kinase locus. This assay may be

Sparticularly useful in a test battery since the mutants quantitated
can be divided, by colony size, into two distinct groups (small
colony and large colony mutants). These two classes of mutants
appear to reflect the relative clastogenic and mutagenic potential of
the compound tested. Hozier et al. (1981, 1983) have shown that the
majority of small colony mutants reflect chromosome damage affecting

i chromosome 11 (the location of the thymidine kinase gene), while
*" large colony mutants appear to represent small scale, perhaps single

gene damage.

"Cell Line and Cell Maintanence

The TK+/--3.7.2C heterozygote of L5178Y mouse lymphoma cells
(supplied by Dr. Donald Clive) was utilized. This cell line was
routinely grown in supplemented Fischer's Medium for Leukemic Cells
of Mice (see below). Cells were monitored daily (except for weekends)

-12-
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for acceptable growth rates. For weekends, the cells were sufficiently
diluted so that they would remain in log phase growth; weekend cell
doubling times were always determined. Weekly, prior to use in the assay,
cells were cleansed of spontaneous TK-/" cells by 24 hr growth in the
presence of thymidine (3ug/ml), hypoxanthine (5ug/ml), methotrexate
(0.lwg/ml) and glycine (7.5iig/ml) (THMG). This was followed by 24 hr
growth in THG (THMG minus methotrexate) medium. Stock cells are
stored in liquid nitrogen.

Media

TK+/- -3.7.2C cells were cultivated in Fischer's Medium for Leukemic
Cells of Mice supplemented with 31 pg/ml penicillin (1650 units/mg),
50 ug/ml streptomycin sulfate, 0.1% Pluronic F68, 0.22 mg/ml sodium
pyruvate(FoP), and 10% horse serm to make F10 P. Medium was heat in-
activated at 550 C for 45 minutes. Cells were cloned in the above
described supplemented medium using 20% rather than 10% horse serum.
In addition, 0.37% Noble agar was added to solidify the cloning
medium for colony formation. The selective agent used for mutation
at the TK locus was 1 Pg/ml trifluorothymidine (TFT).

Preparation of Chemical Solutions

Concentrations were prepared on a weight per volume basis.
DMSO was used as the solvent. A fresh stock of test material
was used for each separate experiment.

Preparation of the Metabolic Activation System

Aroclor 1242-.254 induced rat liver S-9 was purchased from EG&G
Mason Research Institute. Rats weighing 200-300 g were injected

* intraperitoneally with a 2:1 mixture of Aroclor 1242 and 1254 in
corn oil (500 mg of total Aroclor/kg body weight). After 5 days
the animals were sacrificed by CO2 exclusion of air. They were totally
immersed in a solution of Wescodyne for approximately three seconds
and their heads quickly excised. The livers were removed and placed
in preweighed beakers containing 0.25M sucrose. Livers were washed
three times in 50-100 ml portions of cold 0.25M suicose to yield 3 ml
per gram of liver. Livers were minced and then homogenized in a teflon
pestle tissue grinder. The homogenate was centrifuged at 9000 x g for

1
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10 min at 4*C. The lipid layer was removed and discarded. The supernatant
p. was pooled and aliquoted into sterile serum vials, and placed directly

into liquid nitrogen vapor phase containers for storage prior to shipping.
A sterility check and activity test for standard promutagens in the Salmonella
Reversion Assay were performed prior to shipping.

Upon receipt the S-9 was stored at -70*C in a Revco freezer and
- tested for the ability to activate 2-acetylaminofluorene to mutagenic

metabolites as based on induced mutant frequency in the standard
mouse lymphoma assay.

The cofactor mix made just prior to addition was comprised of
600 mg of triphosphopyridine nucleotide (TPN) and 1125 mg of isocitric
acid (trisodium salt, trihydrate) to 75 mls of FOP (Fischer's medium
supplemented but without horse serum). This solution was filter-sterilized,
placed on ice and mixed with 25 ml of freshly thawed S-9 to form the
S-9 mix. This mix was kept on ice until used.

Dose-Ranging_ Assay

The dose-ranging experiment consisted of increasing doses of the
test compound to the level of highest solubility (in the DMSO solvent).
One 50 ml Corning polypropylene tube seeded with 6 x 106 cells in 6.0
ml of medium with a reduced amount of serum (5% instead of 10%) was
used for each dose. Four ml of serum-free Fischer's medium (FOP)

I were added to each tube. The compound was dissolved in DMSO at 100 x
the highest concentration to be tested. Sufficient solvent was added
to each tube so that after addition of the test compound all tubes

"* contained the same final solvent concentration. Normally 1% DMSO is
the maximum used in this assay to deliver the test compound. Because
of the low solubility of these dyes in DMSO the dose which could be
delivered in 1% DMSO was significantly belo. the 1000 ug/ml normally
used in a dose-ranging assay as the highest dose. Therefore, the
amount of dye delivered in 2% and 3% (final concentration) DMSO and
the appropriate solvent controls were also used. The test compound
was added to each appropriately labelled tube, the tubes were then
regassed with 5% C02-in-air and incubated in a roller drum at 37* C
for 4 hr. Following the 4 hr exposure period the tubes are centrifuged
for 10 min at 200 x g and the supernatant containing the test compound
was discarded. The cells were then washed twice in 10 ml of F1 0 P (2
X 10 minute centrifugations at 200 x g), and resus ended in 20 ml of
fresh FIoP to a final cell concentration of 3 X 103 cells/ml. The
tubes were regassed with 5% C02-in-air and incubated in the roller
drum at 37*C.

-14-
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Cell counts were determined with a Coulter Counter Model ZBI at 24
hours after exposure to the compound. Relative growth (as compared to
the negative control) was calculated for each culture.

Mutagenicity Assay

The doses chosen fcr the mutagenicity assay were based or, the results
* of the dose-ranging study. Because the doses delivered in 3% DMSO

showed no greater cell toxicity after 24 hr than the doses delivered in
2% DMSO, the 3% DMSO doses were not used. The dosing protocol is
identical to that used in the dose-ranging study (i.e. cells were
treated for four hours, washed and incubated at 37 0 C). Positive
control compounds were tested with each experiment. Methyl methane-
sulfonate (MMS, 15 pg/ml) was used without exogenous activation, and
2-acetylaminofluorene (2-AAF, 40 pg/ml) with S-9 activation. Cell
counts .were determined with a Coulter Counter Model ZBI at 24 and 48
hrs. after exposure to the compound. Each culture was diluted daily
to 2 X 105 -ells/ml. At the end of 48 hrs the cells were cloned.
Cloning allows for the selective growth and enumeration of mutant

0 cells in a soft agar cloning medium (CM) and for the determination of
cloning efficiency. Following dilution, the cells were allowed to
mix for at least 30 minutes to minimize trauma. Fifteen ml of each
culture was spun at 200 x g for 10 min and the supernatant decanted.
Approximately 1-2 ml of FIOP was added to each culture for resuspension
of the cell pellet. The cell pellet was vigorously resuspended to
ensure a single cell suspension and placed in 100 ml of CM to give a
cell concentration of 3 X 104 cells/ml. The flasks were labelled
with the appropriate culture number and selective agent to be used
(TFT). The cells were allowed to acclimate for 30 minutes and then
a 1:50 dilution was made. (1.0 ml was transferred from each culture to
prelabelled flasks containing 50 ml of CM.) After mixing for 15 minutes,
1.0 ml from each 50-ml flask was transferred to 100 ml of CM and
"labelled with the culture number and "VC" (cell concentration - 6
cells/ml). The selective agent, I vg/ml TFT, was added to the
flasks containing 3 X 104 cells/ml. Three petri plates per "TFT" and
"VC" flask were poured, 33 ml per 100 mm petri plate. The plates
were chilled at -20* C for 12 minutes, placed in a lucite box, sealed,
and gassed with 5% C02 -in-air or placed in a 5% CO2 incubator. The
boxes were incubated for 10-11 days at 37* C.
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At the end of the incubation period the plates were scored for
the number of colonies per plate using an Artek Colony Counter,
Model 880. TFT-resistant colonies from selected cultures showing
positive mutagenicity were sized by differential counts at periodic
size discriminator settings. This information was expressed as histograms
showing the relative proportions of small and large colony TFT-
resistant mutants. This approach is a possible means of characterizing
the type of mutagenic events occurring [i.e. single gene mutations
(large colonies) or chromosomal aberrations affecting the TK and
other genes (small colonies)].

Calculation of Mutant Frequency

The mutant frequency was calculated by dividing the total number of
mutant colonies fcr each culture by the number of viable cells plated
for the culture (as determined by the VC plates). The spontaneous
mutant frequency (solvent control) was subtracted from the total mutant
frequency to give the induced mutant frequency.

Criteria for the Evaluation of the Results

The following criteria (based on the statistical methods of Clive
et al., 1979) must be met to designate the test compound as a definite
positive:

1. One or more doses (from at least 2 separate assays) must show a
significant increase (usually at least a doubling) over
the background mutant frequency at reasonable (>10%) survival.

2. There must be a multi-point dose-related response it adequate
(>10% survival) cytotoxicities.

If there is no significant increase of the mutant frequency
over background and if the compound has been adequately tested (with
and without metabolic activation, reasonably spaced doses, adequate
cytotoxicity-sufficient doses in the 10-20% survival range) than the
results will be interpreted as negative.

The minimum criteria for an acceptable assay are: (1) the plating
efficiency of the solvent control is between 50 and i5HZ, (2) the
spontaneous mutant frequency of the solvent control is less than
100 X 1C6 and (3) the positive controls show a definite positive
response.
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Method for Analysis of Gross Aberrations in L5178Y/TK+/- Mouse Lymphoma Cells

For the analysis of gross aberrations, samples were taken from the

treated cells 24 hr after the midpoint of the 4 hr treatment period.
Colcemid was added and cells treated with hypotonic KCI and fixed in
acetic acid: methanol (1:4). Slides were made and cells stained with
Wright's Stain. Metaphase spreads showing a near normal number of
chromosomes were scored for aberrations.

IN VIVO SISTER CHROMATID EXCHANGE ANALYSIS IN MICE

Male C57BL/6 mice, 3-4 mos. old, were obtained from the Jackson
Laboratory, Bar Harbor, Maine, and were acclimatized for at least
10 days after receipt. Animals were housed 5 per cage in an USEPA
animal facility in laminar-flow rooms, with 15 cycles/hr of biocleaned
air at 60-68% relative humidity. The room temperature was maintained
at 68-70' F with a 12 hr light-dark cycle. Animals were fed lab chow
(non-certified Purina) and water ad libitum.

Sister Chromatid Exchange (SCE) frequencies and cell replication
kinetics were analyzed in mouse bone marrow cells after DNA labelling
with 5-bromodeoxyuridine (BrdU; Sigma Chemical Company, St. Louis,
Mo.). In vivo labelling was achieved with BrdU tablet methodology
(Allen et al., 1978; McFee et al., 1983). Fifty mg BrdU tablets were
prepared with a Parr Pellet Press and 0.178 in diameter punch and die
(Parr Instrument Co., Moline, Ii.) and coated over approximately 85%
of the surface area with melted embedded paraffin (Fisher). Each
experimental animal (weighing from 22 to 30 g) was implanted sub-
cutaneously (lateral abdominal region) with a 50 mg BrdU tablet after
"brief anesthetization with Metofane (Pittman-Moore) inhalation.

Dye effectiveness to induce SCEs was determined by administering

Sthe test chemical as a single intraperitoneal injection (I.P.)
(<0.2 ml volume) over a 3-4 point dose range, 3-4 mice per dose.
The C.T. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 mixtvre was
administered in 0.1 ml DMSO + 0.1 ml corn oil. The C.I. Solvent
Yellow No. 33 was administered in 0.1 ml corn oil. The C.I. Solvent
Yellow No. 33 was administered in 0.1 ml (per 30g) DMSO only. (Higher
volumes of DMSO were determined in preliminary experiments to be
toxic, as evidenced by animal death or inhibited marrow cell-cycling.
While corn oil appeared to enhance the solubility of the C.I. Solvent
Green No. 3 - C.I. Solvent Yellow No. 33 mixture, it reduced the
solubility of C.I. Solvent Yellow No. 33.) The dye injections were
given 1/2 hr after BrdU tablet implantation. Negative control animals
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were those which received no injections, and those which were injected
with the solvent only. Positive control mice were injected with 15
or 30 mg/kg cyclophosphamide (Mead-Johnson). Approximately 23 hr
later, all control mice were injected I.P. with 0.6 mg/kg of colchicine
(Sigma) in order to collect metaphases. Treated mice were injected
with colchicine after an additional 3-4 hr since preliminary chemical
injection trials had indicated that cell-cycle delays were occurring.
Two hours after colchicine injection, animals were sacrificed by
cervical dislocation, marrow cells were harvested and processed
through hypotonic (0.075 H KC1) and fixative (3:1 methanol: glacial
acetic acid) steps, and slides were prepared in accordance with
standard cytogenetic methodology (Latt et al., 1981). Chromatid
differential staining was achieved with the Fluorescence-plus-Giemsa
(FPG) technique (Wolff and Perry, 1974; Goto et al., 1978). For
each mouse SCE frequencies were analyzed in 30 randomly selected,
well-differentiated sacond division metaphase cells which contained
the diploid ± 2 chromosomal complement. Cell replication kinetics
were also assessed in 200 marrow cells/ animal. The proportions of
first (MI), second (M2) and third (M3) division cells were determined
from chromosome stain patterns.

Additional studies were performed to determine if: 1) the injected
test dye was dispersing or remaining localized within the peritoneum,
and 2) higher marrow cell SCE frequencies would result from giving
injections over three consecutive days. Concerning the former studies,
animals were examined at the time of marrow cell harvest for the
appearance of internal localizations of dye particles. Peritoneal
cells from control and high dose (35 mg/kg C.I. Solvent Yellow No. 33)
animals were saline-washed from the peritoneum, pelleted and compared
for evidence of dye crystals, and for viability (Trypan Blue Exclusion).
Differential peritoneal cell counts (Wright's Stain) were also made.
In the latter studies, concerned with multiple exposures to the test
dye, all experimental design and cytogenetic features were the same
as those described for the single exposure trials. The only protocol
modification was the administration of 3 I.P. injections of the test
material given 24 hr apart. BrdU tablet implantation was carried out
just prior (1/2 hr) to the last injection, and cells harvested 24 - 28 hr
later.
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RESULTS AND DISCUSSION

SALMONELLA REVERSION ASSAY

The Salmonella bioassay is frequently used to screen substances
for genotoxicity including potential carcinogenicity. The three dyes
were tested in the standard plate incorporation assay using seven
strains supplied by Dr. Bruce Ames. The seven strains used were
TA100, TAI02, TA104, TA1535, TA1537, TA1538, and TA98. In addition, the
three dyes were also tested using TAIO0 in a preincubation assay. A
summary of the results is in Tables 1A and 1B. The actual data and
statistical analysis can be found in Appendix A. The results are
very heterogeneous. Two of the strains that detect frame shift
mutagens, namely TA98 and TA1538, gave negative responses both
with and without exogenous metabolic activation for all three dyes.
Although TA1537 gave a clearly positive response in only one test (with
the purified yellow dye), all three dyes showed a consistent tendency
for increased revertant numbers at the higher dose levels. The strain
that responds almost exclusively to base pair substitution mutagens,
TA1535, provided negative results both with and without exogenous
metabolic activation. Even though negative results were associated
with strains TA1535, TA1538, and TA98, the more non-specific strain TAI00
gave a positive though weak response to all three dyes when S-9 was present.
Without this mammalian metabolic activation, the TA100 results were
negative. Strains TA102 and TA104 provided the clearest indication
of the mutagenicity of these compounds. All three dyes were clearly
positive both with and without S-9 when TA102 and TAI04 were used. In
contrast to the other five strains which detect mutations within GC
sequences, these two strains require reversion to prototrophy within
an AT rich region. These results may be typical of quinones (Maron
and Ames, 1983). The use of the preincubation assay with TAI00 did not
provide a significant enough advantage to warrant its continued use
with the othEr strains. Although a clear indication of mutagenicity was
seen using three different strains, the three dyes were difficult to test
primarily due to their solubilities. The samples began to precipitate
out of solution at approximately the 100 Pg per plate dose. This
solubility problem not only narrowed the linear dose response range
but also may have contributed to increased plate-to-plate variation.
Within the bacterial assays, all three dyes gave very similar results.
Since the purified yellow dye tended to yield a slope value greater
than either of the other two dyes, the purified yellow dye is at least
one of the major mutagenic components within the other dyes. Whether
or not other mutagens are present within these dyes is not readily
apparent from these data.
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TABLE lA MUTAGENICITY OF THREE ARMY DYES AS DETECTED BY
SALMONELLA TYPHIMURIUM PLATE INCORPORATION AND PREINCUBATION (*) TESTS:

(QUALITATIVE RESULTS)

Sample Salmonella Typhimurium Strain:

(Number) TAIOO TAI02 TAI04 TA1535 TA1537 TA1538 TA98

-WITH ACTIVATION---

C.I. S'ivent Green No. 3-
C.I. Solvent Yellow No. 33 + + + 2 ? _

Mixture + + + - ? _
(BMGS-?4-O001) +*

C.1. Solvent Yellow No. 33 + + ?5...
(BMGS-84-0002) + + + - ?- -

+* + 0.0 ... 0...- .

Purified Yellow + +4 - - -

(BMGS-84-0003) + + + +- + - -

4.* +4. 0

WITHOUT ACTIVATION

C.I. Solvent Green No. 3 - ?I + + - - - 3 -

C.I. Solvent Yellow No. 33 - + + - - -

Mixture +
(BMGS-84-O001)

C.I. Solvent Yellow No. 33 ?6 _ _ ? -

(BMGS-84-0002) _ + + _ 2,3 ? _ _

Purified Yellow ?4 + ....
(BMCS-84-0003) - +- - -

S+ .. e9 o . ... ...

Footnotes:
I - Positive slope apparently due to single plate value.
2 - Positive slope apparently due to a single dose.

3 - Outlier was included in original calculation.
4 - Spontaneous control outside of normal range.
5 - Model did not converge adequately and results are borderline in nature.
* - Preincubation assay.

Results are recorded as follows: -, Negative; ?, ouestionable +, positive.
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TABLE 1B MUTAGENICITY OF THREE ARMY DYES AS DETECTED BY
SALMONELLA TYPHIMURIUM PLATE INCORPORATIO" AND PREINCUBATION (*) TESTS:

Sample Salmonella Typhimurium Strain:
(Number) TA100 TA102 TAI04 TA1535 TA1537 TA1538 TA98

--- -WITH ACTIVATION---

C.I. Solvent Green No. 3-
C.1. Solvent Yellow No. 33 0.2 6.9 6.1 Neg ?2 Neg Neg
Mixture 0.7 3.1 4.2 Neg ?1 Neg Neg
(BMGS-84-O001) 1.2* 8.0 ... ... ... Neg

C.1. Solvent Yellow No. 33 1.8 2.6 )5 Neg Neg Neg Neg
(BMGS-84-0002) 1.5 5.6 2.9 Neg ? Neg Neg

1.5* 5.8 ... ... ... Neg ...

Purified Yellow 1.1 4.2 ?5 Neg ? Neg Neg
(BMGS-84-0003) 1.1 9.1 7.9 Neg 0.3 Neg Neg

2.1* 7.6 ... ...

- -- WITHOUT ACTIVATION

C.I. Solvent Green No. 3 - ?1 5.0 2.4 Neg Neg Neg 3  Neg
C.I. Solvent Yellow No. 33 Neg 3.3 2.4 Neg Neg Neg Neg
Mixture Neg* 5.1 ... ... ... Neg .
(BMGS-84-0001)

C.I. Solvent Yellow No. 33 (?)6 ?4 Neg Neg ? Neg Neg
(BMGS-84-00C2) Neg 1.6 3.5 Neg 2 , 3  ? Neg Neg

Neg* _2.3 ... ... ... Neg ...

Purified Yellow Neg ?4 1.9 Neg Neg Neg Neg
(BMGS-84-0003) Neg 4.8 1.5 Neg ? Neg Neg

Neg* 6.0 ... ... ...

Footnotes:
I - Positive slope apparently due to single plate value.
2 - Positive slope apparently due to a single dose.

3 - Outlier was included in original calculation.
4 _ Spontaneous control outside of normal range.
5 - Model did not converge ad,;uately and results are borderline in nature.
6 - Value determined (1.2) appears to be an outlier since results could

not be replictted.
* - Preincubation assay.
Results are recorded as follows: Neg, Negative; ?, auestionahle
or as Revertants per pg substance per plate if positive. Each value represents
an individual independent experiment.

-21-



L5178Y/TK+/- Mouse Lymphoma Assay

The three dyes were tested both with and without exogenous
metabolic activation in the L5178Y/TK+/- Mouse Lymphoma Assay. The
C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 mixture and
the C.I. Solvent Yellow No. 33 were determined to be only slightly
soluble in DMSO making testing over the normally prescribed (doses to
1000 ug/ml.) preliminary dose range impossible. A severely truncated -
dose range experiment was performeu. Because of the solubility in DMSO
problem and the concern that the dose delivered in I% DMSO might not
cause any toxicity, doses, and the appropriate solvent controls,
delivered in 2% and 3% DMSO were also tested. (Normally the highest
concentration of DMSO used for this assay is 1%). The results from
this preliminary dose ranging experiment are found in Table 2.
The actual mutagenesis eyperiments were performed using doses delivered
in up to 2% DMSO. The pure yellow dye was found to be slightly more
soluble in DMSO than the C.I. Solvent Yellow No. 33. Consequently,
it was possible to test this compound at doses up to 50 ug/ml by
delivering the dose in 1% DMSO. No dose-ranging study was necessary
since the dose-range had already been established for the C.I. Solvent
Yellow No. 33.

Table 3 shows the first experiment testing both the C.I. Solvent
Yellow No. 33 and the C.I. Solvent Green No. 3 - C.I. Solvent Yellow
No. 33 mixture with metabolic activation. The C.I. Solvent Yellow
No. 33 is clearly positive while the C.I. Solvent Green No. 3 - C.I.
Solvent Yellow No. 33 mixture gives only a (weak) positive response
at 40 pg/ml. The cultures dosed with 6 pg/ml and above of the
C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 mixture showed some
precipitate following the treatment and after the first centrifugation.
No precipitate was--bserved following the final resuspension. No
precipitate was observed for the C.I. Solvent Yellow No. 33. In the
repeat experiment (Table 4),. the C.I. Solvent Yellow No. 33 is again
cleazly positive. The C.I. Solvent Green No. 3 - C.I. Solvent Yellow
No. 33 mixture gives a questionable response, with a possible positive
at the high (40 ug/ml) dose. Precipitate was seen during the cell
wash at doses above 16 ug/ml. Table 5 shows !-he C.I. Solvent Green
No. 3 - C.I. Solvent Yellow No. 33 mixture tested over an expanded
dose range. As in the previous tests, the C.I. Solvent Green No. 3 -

C.I. Solvent Yellow No. 33 mixture shows a positive response only at
the highest dose tested. Precipitate was observed during the cell
wash in cultures treated at 15 pg/ml or more. The expanded dose
range test for the !.I. Solvent Yellow No. 33 with metabolic activation
(Table 6) confirms the positive response.
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TABLE 2. DOSE RANGING EXPERIMENT FOR C.I. SOLVENT YELLOW NO. 33 AND
C.I. SOLVENT GREEN NO. 3 - C.I. SOLVENT YELLOW NO. 33 MIXTURE

IN THE MOUSE LYMPHOMA MUTAGENICITY ASSAY

(
Concentration 24 hr. Relative Growth(z)

negative control 100

1% DMSO 100

"2% DMSO 100

3% DMSO 100

C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 Mixture

2.07 jig/ml. 90.1

4.14 ug/ml 92.9

S8.30 pg/ml 84.4

S12.4 ug/mi 70.2

* 16.6 ug/ml 66.2

20.7 pg/ml 75.6

41.4 jig/mi (2% DMSO) 74.0
62.1 jig/ml (3% DMSO) 85.0

SC.I. Solvent Yellow No. 33

1.94 jg/ml 81.2

. 3.90 p g/ml 83.5

* 7.8 ug/ml 74.9

11.6 jg/ml 74.7

S15.5 jg/ml 69.8

19.4 jig/ml 76.9

38.8 jig/ml (2% DMSO) 82.8

"58.2 jg/ml (3% DMSO) 72.2

-
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TABLE 3. MOUSE LYMPHOMA ASSAY OF C.I. SOLVENT GREEN NO. 3 -
C.I. SOLVENT YELLOW NO.33 MIXTURE AND C.I. SOLVENT YELLOW NO. 33

WITH METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspensioa Total Total Cloning Total Mutant Mutant
Growth Viable Mutant Efficiency Growth Freq Freq

j Concentration (M) Clones Clones (M) (2) (x106) (xl06 )

Neg. Control 100.0 448 90 100.0 100.0 40.2
(w/o s-9)

Neg. Control 100.0 594 121 100.0 100.0 40.7

Solvent Cont. 100.0 466 131 100.0 100.0 56.2
(1% DMSO)

Solvent Cont. 100.0 476 139 100.0 100.0 58.4
* (2% DMSO)

Pos. Control
(40 jg/ml 2 AAF) 29.5 435 815 93.3 27.5 374.7 318.5

C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 Mixture

2 jig/ml 112.4 484 185 103.8 116.7 76.4 20.2

6 jg/ml* 108.8 547 116 117.4 127.7 42.4

12 tig/ml* 112.4 420 106 90.1 101.3 50.5

16 tig/ml* 105.8 543 189 116.5 123.3 69.6 13.4

20 ijg/ml* 109.3 515 159 110.4 120.7 61.8 5.6

40 Pg/ml* 74.2 475 358 99.8 74.1 150.7 92.3
(2% DMSO)

C.I. Solvent Yellow No.33

2 ug/ml 110.8 546 142 117.1 129.7 52.0

6 jg/ml 110.3 570 165 122.3 134.9 57.9 1.7

12 jig/ml 97.1 436 342 93.6 90.9 156.8 100.6

16 jg/ml 66.9 416 485 89.2 59.7 233.3 177.1

20 jig/ml 36.2 339 523 72.7 26.3 308.5 252,3

40 jig/ml toxic
(2% DMSO)

*Showed some precipitate
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TABLE 4. MOUSE LYMPHOMA ASSAY OF C.I. SOLVENT GREEN NO. 3 -

C.I. SOLVENT YELLOW NO. 33 MIXTURE AND C.I. SOLVENT YELLOW NO. 33
WITH METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspension Total Total Cloning Total Mutant Mutant
Growth Viable Mutant Efficiency Growth Freq Freq

Concentration (%) Clones Clones M%) (Z) (x10 6 ) (xl06 )

Neg. Control 100.0 435 106 100.0 100.0 48.7
(w/o S-9)

Neg. Control 100.0 435 119 100.0 100.0 54.7

Solvent Cont. 100.0 407 145 100.0 100.0 71.3
(1% DMSO)

Solvent Cont. 100.0 456 157 100.0 100.0 68.9
(2% DMSO)

I
Pos. Control
(40 pg/ml 2 AAF) 75.8 318 401 78.2 59.3 252.2 180.9

C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 Mixture

2 mg/ml 100.0 381 117 93.6 93.6 61.4

6 jig/ml 121.9 498 143 122.4 149.2 57.4

12 tig/ml 114.5 39ý 130 97.0 111.1 65.9

16 Pg/ml* 124.7 446 145 109.6 139.6 65.0

20 ug/ml* 108.1 427 127 105.0 113.5 59.4

40 Pg/ml* 84.2 372 261 81.6 68.7 140.3 71.4
(2% DMSO)

C.I. Solvent Yellow No. 33

2 jig/ml 121.0 432 132 106.2 128.5 61.1

6 jig/ml 124.2 445 145 109.4 135.9 65.1

12 4g/ml 116.1 377 232 92.6 107.5 123.1 51.8

16 vg/&- 100.C 309 316 76.0 76.0 204.5 133.2

20 Pg/ml 75.8 288 327 70.8 53.7 227.1 155.8

40 pg/ml toxic

(2% DMSO)

*Showed some precipitate
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TABLE 5. MOUSE LYMPHOMA ASSAY OF C.I. SOLVENT GREEN NO. 3 - C.I. SOLVENT
YELLOW NO. 33 MIXTURE WITH METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspension Total Total Cloning Total Mutant Mutant
Growth Viable Mutant Effic. Growth Freq Freq

Concen ration (%) Clones Clones M%) (%) (x10 6 ) (x10 6 )

Neg. Control 100.0 378 92 100.0 100.0 48.7

(w/o S-9)

"" Neg. Control 100.0 301 89 100.0 100.0 59.1

* Solvent Cont. 100.0 374 93 100.0 100.0 49.8
(1% DMSO)

Solvent Cont. 100.0 344 79 100.0 100.0 46.0
(2% DMSO)

Pos. Control 37.3 272 523 72.7 27.1 384.8 335.0
(40 4g/ml 2 AAF)

C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 Mixture

6 vg/ml 97.9 358 100 95.8 93.8 55.8 6.0

8 ug/ml 98.3 365 108 97.6 95.9 59.2 9.4

9 4g/ml 99.3 336 109 89.9 89.3 64.9 15.1

10 1ig/ml 94.2 386 135 103.2 97.2 70.0 20.2

1 11 ug/ml 83.0 329 96 87.9 71.9 58.4 8.6

12 wg/ml 87.3 364 105 97.4 85.1 57.7 7.9

13 ug/ml 86.8 347 117 92.8 80.6 67.5 17.7

* 14 ug/ml 95.1 319 103 85.4 81.2 64.5 14.7

15 ug/ml* 91.5 357 107 95.5 87.4 60.0 10.2

. 16 ug/ml* 89.1 320 115 85.5 76.2 71.9 22.1

17 pg/ml* 90.2 334 118 89.4 80.6 70.6 20.8

18 ug/ml* 82.7 304 97 81.4 67.3 63.8 14.0

19 p g/ml* 85.8 309 101 82.7 70.9 65.4 15,6

20 pg/ml* 84.3 319 138 85.4 72.0 86.5 36.7

40 Pg/ml* 42.3 248 340 66.3 27.8 274.4 228.4
(2% DMSO)

*Showed some precipitate
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C TABLE 6. MOUSE LYMPHOMA ASSAY OF C.I. SOLVENT YELLOW NO. 33
WITH METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspension Total Total Cloning Total Mutant Mutant

f Growth Viable Mutant Efficiency Growth Freq Freq
Concentration (%) Clones Clones (%) (M) (x10 6 ) (xl0 6 )

Neg. Control 100.0 326 90 100.0 100.0 55.2
(w/o S-9)

Neg. Cont. 100.0 359 110 100.0 100.0 61.3

Solvent Cont. 100.0 304 62 100.0 100.0 40.8
(1% DMSO)

Pos. Control 52.3 230 426 75.5 39.5 370.8 330.0
* (40 jig/ml 2 AAF)

C.I. Solvent Yellow No. 33

2 jg/ml 114.1 244 108 80.3 91.6 88.4 47.6

6 jg/ml 102.1 228 107 75.0 76.5 93.9 53.1

8 jig/ml 102.1 214 128 70.4. 71.9 119.5 78.7

9 jg/ml 86.4 272 (no 89.3 77.2 - -
TFr)

10 Pg/ml 90.6 281 107 92.3 83.6 76.2 35.4

11 jg/ml 85.0 249 151 81.8 69.5 121.3 80.5

12 jg/ml 78.8 225 198 74.0 58.3 176.0 135.2

* 13 ug/ml 66.2 261 238 85.8 56.8 182.4 141.6

14 jg/ml 70.3 281 196 92.3 64.9 139.6 98.8

15 jg/ml 66.0 179 201 58.8 38.8 224.8 184.0

16 iig/ml 52.9 255 162 83.8 44.3 127.1 86.3

17 ujg/ml 57.9 209 235 68.6 39.7 225.1 184.3

18 jg/ml 45.6 169 180 55.6 25.4 212.8 172.0

19 jg/ml 48.8 235 275 77.3 37.7 233.8 193.0

20 ug/ml 39.4 220 173 72.4 28.5 157.1 116.3
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The first test of the two dyes without exogenous metabolic
activation is shown in Table 7. Both the C.I. Solvent Yellow No. 33
and the C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 mixture
were clearly positive. Green precipitate was observed during the
cell wash at the 20 and 40 Ug/ml doses of the C.I. Solvent Green
No. 3 - C.I. Solvent Yellow No. 33 mixture. The repeat experiments
(Tables 8 and 9) confirmed the positive response of both dyes without
exogenous activation. Precipitate was visible in the C.I. Solvent

5 Green No. 3 - C.I. Solvent Yellow No. 33 mixture treated cultures at
doses above 8 Ug/ml.

Both the C.I. Solvent Yellow No. 33 and the C.I. Solvent Green
No. 3 C.I. Solvent Yellow No. 33 mixture give higher mutagenic activity
without exogenous activation (Tables 7-9) than with activation (Tables
3-6). Both dyes are positive without metabolic activation at doses which
do not show a precipitate. The C.I. Solvent Yellow No. 33 dye is also
mutagenic with S-9 activation. The C.I. Solvent Green No. 3 - C.I. Solvent
Yellow No. 33 mixture is not mutagenic at doses showing no precipitate when
5-9 activation is added to the system.

* The purified yellow dye was also tested both with and without
activation. The results are shown in Tables 10-13. As with the C.I.
Solvent Yellow No. 33, the results are clearly positive. The response
with exogenous activation is much weaker (Tables 10 and 11) than the
response without activation (Tables 12 and 13).

It should be noted that this mutagenicity data obtained using
the mouse lymphoma assay does not in all cases show a clear increasing
dose-response relationship with increasing dose. This does not negate

* .the positive nature of the data. Compounds which have solubility
problems (i.e. are tested at doses near the limit of their solubility)
tend to give plateau type dose-response curves similar to those observed
in these studies. In addition it is not unusual or surprising that doses
as close together as those used for these studies yield mutant frequencies
which do not increase with each dose. In fact the closely spaced doses
can almost be considered as replicates.

An analysis of the colony size distribution of the TFT-resistant
mutants indicates that all three dyes produce significant proportions
of small colony mutants (Figures 1-3, data with exogeneous activation
not shown). This would predict that these dyes might also be clasto-
genic as well as mutagenic. To evaluate this possibility, gross
aberration analysis of TK+/- mouse lymphoma cells treated with the
dyes was performed. (This aspect of the research was not a partof ..

-28-
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TABLE 7. MOUSE LYMPHOMA ASSAY OF C.I. SOLVENT GREEN NO. 3 -

Pq C.I. SOLVENT YELLOW NO. 33 MIXTURE AND C.I. SOLVENT YELLOW NO. 33
WITHOUT METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspension Total Total Cloning Total Mutant Mutant
Growth Viable Mutant Efficiency Growth Freq Freq

Concentration (%) Clones Clones (%) (%) (x10 6 ) (x10 6 )

Neg. Control 100.0 384 119 100.0 100.0 62.0

Solvent Cont. 100.0 519 147 100.0 100.0 56.6
(1% DMSO)

Solvent Cont. 100.0 588 137 100.0 100.0 46.6
(2% DMSO)

Pos. Control 57.2 257 683 49.5 28.3 531.9 469.9
(15 jig/ml MMS)

C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 Mixture

2 ig/ml 90.1 454 177 87.5 78.8 77.9 21.3

6 pg/ml 77.5 286 422 55.0 42.6 295.5 238.9

12 .jg/ml 65.7 253 561 48.8 32.1 443.1 386.5

16 wg/ml 68.6 322 658 62.1 42.6 408.4 351.8

20 ijg/ml* 59.2 253 473 48.8 28.9 373.6 317.0

40 ig/ml* 65.3 83 158 14.1 9.2 381.6 335.0
(2% DMSO)

C.I. Solvent Yellow No. 33

2 4g/ml 80.6 275 464 52.9 42.6 337.7 281.1

S6 jig/ml 70.2 250 498 48.2 33.8 398.1 341.5

12 Pg/ml 67.6 241 397 46.5 31.4 329.2 272.6

16 wg/ml 66.5 235 441 45.3 30.1 375.0 318.4

20 uig/ml 61.4 244 510 47.0 28.9 417.7 361.1

40 ig/ml 57.8 244 596 41.5 24.0 488.1 441.5

(2% DMSO)

•*Showed some precipitate

-29-

" I . .•" . 7 .- . . .- , , " • . • i .' .. , -. i i -..



TABLE 8. MOUSE LYMPHOMA ASSAY OF C.I. SOLVENT GREEN NO. 3 - C.I. SOLVENT
YELLOW NO. 33 MIXTURE WITHOUT METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspension Total Total Cloning Total Mutant Mutant
Growth Viable Mutant Efficiency Growth Freq Freq

Concentration (M) Clones Clones (M) (M) (x10 6 ) (x10 6 )

Neg. Control 100.0 433 73 100.0 100.0 33.7

Solvent Cont. 100.0 422 110 100.0 100.0 52.1
(1% DMSO)

Pos. Control 53.0 170 763 40.2 18.8 898.7 865.0
(15 uig/ml MMS)

C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 Mixture

2 pg/ml 92.9 411 129 97.4 90.5 62.7 10.6

6 ug/ml 58.0 235 408 55.8 32.3 347.0 294.9

8 jig/ml 70.4 285 (no TFT) 67.6 47.6

9 ug/ml* 70.8 253 473 60.0 42.5 373.6 321.5

10 11g/ml* 65.7 204 542 48.4 31.8 531.4 479.3

11 Pg/ml* 60.9 248 611 58.7 35.7 493.1 441.0

12 Pg/ml* 61.7 321 504 76.1 47.0 314.0 261.9

13 p g/ml* 58.4 248 546 58.7 34.3 440.7 388.6

14 ug/ml* 56.5 254 582 60.2 34.0 458.6 406.5

15 Pg/ml* 65.3 256 587 60.7 39.7 458.2 406.1

16 p g/ml* 62.8 227 512 53.8 33.3 451.5 399.4

17 Pg/ml* 63.0 268 645 63.6 40.0 481.0 428.9

18 wg/ml* 59.8 256 575 60.7 36.3 448.9 396.8

19 wg/ml* 57.4 262 611 62.2 35.7 466.0 413.9

20 Pg/ml* 62.1 245 699 58.0 36.0 571.1 519.0

*Showed some precipitate
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TABLE 9. MOUSE LYMPHOMA ASSAY OF C.I. SOLVENT YELLOW NO. 33
WITHOUT METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspensicu Total Total Cloning iotal Mutant Mutant
Growth Viable Mutant Efficiency Growth Freq Freq

Concentration (%) Clones Clones (M) (%) (x10 6 ) (x10 6 )

Neg. Control 100.0 476 116 100.0 100.0 48.8

Solvent Cont. 100.0 540 134 100.0 100.0 49.6
(1% DMSO)

Solvent Cont. 100.0 514 132 100.0 100.0 51.3
(2% DMSO)

Pos. Control 69.8 230 942 42.5 29.7 819.8 770.2
(15 jig/ml MMS)

C.I. Solvent Yellow No. 33

2 pg/ml 77.6 257 545 47.6 36.9 424.4 374.8

6 pg/ml 58.4 193 739 35.8 20.9 765.0 715.4

8 pg/ml 59.6 225 773 41.7 24.3 687.1 637.5

9 ug/ml 56.6 258 725 47.8 27.3 562.0 512.4

10 jig/ml 68.6 185 674 34.2 23.5 729.4 679.8

11iig/ml 59.1 202 792 37.4 22.1 783.4 733.8

12 iig/ml 47.7 239 654 44.2 21.1 547.7 498.1

13 jig/ml 61.0 212 767 39.2 23.9 724.3 674.7

14 wg/ml 55.7 220 737 40.8 22.7 669.4 619.8

15 pg/ml 61.7 225 697 41.7 25.7 619.6 570.0

16 wg/ml 62.0 276 796 51.1 31.7 576.8 527.2

17 ug/ml 58.0 192 674 35.6 20.6 702.1 652.5

18 pg/ml 53.5 187 624 34.7 18.6 666.7 617.1

19 Wg/ml 64.4 219 657 40.6 26.1 600.0 550.4

20 wg/ml 57.7 241 636 44.7 25.8 527.4 477.8

40 cg/ml 41.8 157 812 30.6 12.8 1033.1 981.8
(2% Dm'SO),
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TABLE 10. MOUSE LYMPHOMA ASSAY OF PURIFIED YELLOW DYE WITH METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspension Total Total Cloning Total Mutant Mutant
Growth Viable Mutant Efficiency Growth Freq Freq

Concentration (M) Clones Clones (Z) (M) (xl06 ) (x106 )

Neg. Control 100.0 363 67 100.0 100.0 36.90

Neg. Control 100.0 334 79 100.0 100.0 47.40
(w/o S-9)

Solvent Cont. 100.0 294 83 100.0 100.0 56.50

Solvent Cont. 100.0 263 70 100.0 100.0 53.30
(w/o S-9)

Pos. Control 74.2 227 219 77.1 57.2 193.12 136.66
(40 pg/ml 2AAF)

Purified Yellow Dye

5 i1g/ml 95.3 278 62 94.5 90.0 44.60

10 lig/ml 78.3 247 123 84.1 65.8 99.50 43.0

12 ug/m.l 68.9 248 180 84.3 58.1 145.30 88.8

14 ug/ml 45.5 273 232 92.9 42.2 170.00 113.5

16 vg/ml 52.6 243 186 82.6 43.5 153.10 96.6

18 jig/ml 43.2 227 197 77.1 33.3 173.70 117.2

20 pg/ml 51.8 242 142 82.2 42.6 117.40 60.9

22 .g/ml 34.8 274 203 93.1 33.4 148.40 91.9

24 ug/ml 45.7 197 188 66.9 30.6 191.10 134.6
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TABLE 11. MOUSE LYMPHOMA ASSAY OF PURIFIED YELLOW DYE WITH METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspension Total Total Cloning Total Mutant Mutant
Growth Viable Mutant Efficiency Growth Freq Freq

Concentration (%) Clones Clones (2) (%) (x10 6 ) (x10 6 )

Neg. Control 100.0 420 113 100.0 100.0 53.8

Neg. Control 100.0 508 178 100.0 100.0 70.1
(w/out S-9)

Solvent Cont. 100.0 457 82 100.0 100.0 35.9

Solvent Cont. 100.0 475 205 100.0 100.0 86.3
(w/out S-9)

Pos. Control 16.4 320 772 69.9 11.5 482.8 446.9
(40 ug/ml 2AAF)

Purified Yellow Dye

2.5 ug/ml 92.9 458 113 100.1 92.9 49.4 13.5

5 jig/ml 93.1 508 105 111.0 103.3 41.4 5.5

10 jg/mr. 92.4 415 194 90.8 83.9 93.4 57.5

12 jg/ml 75.1 430 251 93.9 70.6 116.9 81.0

14 jg/ml 73.3 393 188 86.0 63.0 95.7 59.8

16 jig/ml 54.4 462 286 101.0 55.0 123.8 87.9

18 Pg/ml 41.3 423 279 92.5 38.2 131.9 96.0

20 jig/ml 60.1 515 310 112.6 67.7 120.4 84.5

22 jig/ml 30.7 497 405 108.6 33.4 163.0 127.1

24 jg/ml 27.2 487 446 106.6 29.0 183.1 147.2
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TABLE 12. MOUSE LYMPHOMA ASSAY OF PURIFIED YELLOW DYE
WITHOUT METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspension Total Total Cloning Total Mutant Mutant
Growth Viable Mutant Effic. Growth Freq Freq

Concentration (%) Clones Clones (%) (%) (x106 ) (xj0 6 )

Neg. Control. 100.0 447 90 100.0 100.0 40.3

Solvent Cont. 100.0 471 104 100.0 100.0 44.2

Pos. Control 61.1 237 645 53.0 32.4 544,3 504.0
(15 Wg/ml MMS)

Purified Yellow Dye

* 0.1 ug/ml 110.9 503 103 106.8 118.4 41.0

0.5 Pg/ml 107.9 372 144 79.0 85.2 77.4 33.2

2.5 jig/ml 60.7 262 683 55.5 33.6 525.9 461.7

5 ijg/ml 50.2 200 493 42.4 21.3 493.5 449.3

10 11g/ml 33.3 130 542 27.5 9.2 836.4 792.2

20 11 g/ml 30.9 120 566 25.5 7.9 943.3 899.1

30 ij g/ml 53.3 224 476 47.5 25.3 425.4 381.2

40 pg/ml 57.5 239 506 50.7 29.2 423.8 379.6

50 Dg/ml 53.8 181 353 38.3 20.6 390.9 346.7
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TABLE 13. MOUSE LYMPHOMA ASSAY OF PURIFIED YELLOW DYE
WI'HOUT METABOLIC ACTIVATION

Relative Relative Relative Induced
Suspension Total Total Cloning Total Mutant Mutant
Growth Viable Mutant Efficiency Growth Freq Freq

Concentration (%) Clones Clones M%) (%) (x10 6 ) (x10 6 )

Neg. Control 100.0 299 116 100.0 100.0 77.6

Solvent Cont. 100.0 326 150 100.0 100.0 92.1

Positive Control 74.4 183 289 61.2 45.6 315.8 238.2
(15 tig/ml MMS)

Purified Yellow Dye

0.1 jjg/ml 120.1 323 116 98.9 118.8 72.0

0.5 :ig/ml 87.4 250 148 76.8 67.1 118.3 26.2

1.0 11g/ml 54.7 168 198 51.6 28.2 235.7 143.6

2.5 4g/ml 71.5 203 239 62.2 44.5 235.7 143.6

5 4g/ml 62.9 153 212 46.9 29.5 277.1 185.0

10 jg/ml 61.4 151 263 46.4 28.5 347.9 255.8

20 Pg/ml 52.9 158 258 48.4 25.6 326.9 234.8

30 wg/ml 49.6 134 212 41.1 20.4 316.9 224.8

40 jig/ml 57.3 142 203 43.6 25.0 385.5 293.4

50 11g/ml 43.8 127 222 39.0 17.8 349.1 257.0
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Figure 1: Relative size distribution of TFT-resistant mutants following
treatment with 10 pg/ml of C.I. Solvent Green No. 3 - C.I.
Solvent Yellow No. 33, without exogenous metabolic activation.
The small colonies are shown in the left peak; the large
colonies in the right peak.
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Figure 2: Relative size distribu:ion of TFT-resistant mutants following
treatment with 20 pg/ml of C.I. Solvent Yellow No. 33, without

I exogenous metabolic activation. The small colonies are
"shown in the left peak; the large colonies in the right peak.

-
b"-37-

I

I



C

NI?

S F

E
0

b," C

6 25

lea 296 3901 496
SIZE SETTING

S Figure 3: Relative size distribution of TFr-resistant m~utants following
treatment with 10 jig/m of >99.9% pure yellow dye, without
exogenous metabolic activation. The small colonies are
shown in the left peak; the large colonies in the right peak.
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the work requested by the US Army. It is included because of its
significance and usefulness in the evaluation of these dyes for
potential human health hazard.) All three dyes were found to be
clastogenic (Figures 4-6) to these mouse lymphoma cells. It should
be noted that 100 cells/dose were analyzed in Figures 4 an 5 while
50 cells/dose were Enalyzed for Figure 6. Chromosome breaks,
translocations and chromosome deletions were induced by the dyes.

I In Vivo Sister Chromatid Exchange Analysis in Mice

The results from analyses of marrow cell SCEs and cell kinetics
are presented in Tables 14 thru 19. Individual animal mean SCE values
and relative proportions of metaphase cells at the first, second and
third division after BrdU and a single C.I. Solvent Green No. 3 -I C.I. Solvent Yellow No. 33 mixture exposure are provided in Table 14.
Data for each exposure group are summarized in Table 15. Cyclophosphamide
was clearly effective as a positive control. SCE frequencies were
7-8 times higher than negative control values, and significantly
higher numbers of first division ce3ls (with lower numbers of second
and third division cells) evidenced a cytctoxic effect. However,

4 there was no increase in SCE frequency at any dose due to exposure to
the C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 mixture.
A greater prevalence of third division cells sometimes noted in the
dye treatment group was likely caused by the later times of cell

* harvest. The C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33
mixture was observed to be dissolved in solution at the 10 and
20 mg/kg doses, and precipitated out of solution at the 40 mg/kg dose.

Data similarly tabulated for single intraperitoneal exposure
trials with the C.I. Solvent Yellow No. 33 are presented in Tables !6

S and 17. This dye was also ineffective in inducing SCEs. Cyclo-
-. phosphamide clearly induced SCEs and slowed cell-cycling; however,
3 no such effects were observed after exposure to the C.I. Solvent

Yellow No. 33. SCE levels were not significantly different from
control levels, and higher numbers of third division cells (lower
numbers of first division cells) probably were a reflection of later
cell harvest times. The C.I. Solvent Yellow No. 33 was observed to
be in solution at the 5 and 15 mg/kg doses and precipitated out of

* solution at the 25 and 35 mg/kg doses.

Similar negative results were obtained after exposure to multiple
injections of the C.I. Solvent Yellow No. 33 (Tables 18 and 19).

. Cyclophosphamide was effective; however, the dye-treated animals
generally showed no greater SCE frequencies or cytotoxicity. One
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without exogenous metabolic activation.
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TABLE 14. SCE AND CELL REPLICATION KINETICS ANALYSES OF MOUSE
BONE MARROW CELLS AFTER IN VIVO SINGLE EXPOSURE (I.P.) TO

C.I. SOLVENT GREEN NO. 3 - C.I. SOLVENT YELLOW NO. 33 MIXTURE:
SUMMARY/INDIVIDUAL ANIMAL

SCE/Cella Cell Kinetics (%)b

Treatment Animal Mean t (S.D.) Ml M2 M3

Negative Control 1 4 (1.7) 26.5 63.5 10.0
2 5 (2.2) 20.0 71.5 8.5
3 4 (1.8) 34.0 64.0 2.0
4 No SCDc

Solvent Control 1 4 (2.0) 31.0 68.0 1.0
(DMSO + Corn Oil) 2 3 (1.5) 28.0 66.0 6.0

3 4 (1.7) 12.5 79.5 8.0
4 4 (1.9) 12.0 82.0 6.0

Positive Control 1 26 (6.8) 48.0 45.0 7.0
(Cyclophosphamide 2 33 (7.3) 50.0 47.0 3.0

15 mg/kg) 3 29 (8.1) 35.5 58.0 6.5
4 29 (6.7) 57.0 42.0 1.0

C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 Mixture

10 mg/kg 1 4 (1.9) 20.5 74.5 5.0
2 3 (1.4) 14.5 74.0 11.5
3 4 (2.2) 11.6 78.4 10.0
4 3 (2.0) 17.5 81.0 1.5

20 mg/kg 1 3 (1.5) 5.0 55.0 40.0
2 4 (2.1) 13.5 64.5 22.0
3 3 (1.5) 5.5 37.0 57.5
4 No SCD

40 mg/kg 1 3 (1.8) 12.0 29.5 58.5
2 3 (1.6) 42.0 58.0 0.0
3 3 (1.3) 23.5 60.9 15.6
4 4 (2.0) 31.5 59.0 9.5

a - Mean of 30 cells/animal
b - Based on 200 spreads/animal
c - SCD- Sister Chromatid Differentiation
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TABLE 15. SCE AND CELL REPLICATION KINETICS ANALYSES OF MOUSE BONE
MARROW CELLS AFTER IN VIVO SINGLE EXPOSURE (I.P.) TO DYE

C.I. SOLVENT GREEN NO. 3 - C.I. SOLVENT YELLOW NO. 33 MIXTURE:
SUMMARY/TREATMENT GROUP

Number SCE/Cella Cell Kinetics (%)a
of

Treatment Animals Mean ± (S.E.) M1 M2 M3
p

Negative Control 3 4 (0.8) 27 66 7

Solvent Control 4 4 (0.6) 21 74 5
(DMSO + Corn Oil)I
Positive Control 4 29 (2.6) 48 48 4
(Cyclophosphamide
15 mg/kg)

C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 Mixture

10 mg/kg 4 3 (0.4) 16 77 7

20 mg/kg 3 3 (0.6) 8 52 40

40 mg/kg 4 3 (0.4) 27 52 21

a Mean of 3-4 animals/group

-
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TABLE 16. SCE AND CELL REPLICATION KINETICS ANALYSES OF MOUSE BONE
MARROW CELLS AFTER IN VIVO SINGLE EXPOSURE (I.P.) TO C.I.

SOLVENT YELLOW NO. 33: SUMMARY/INDIVIDUAL ANIMAL

SCE/Cella Cell Kinetics (%)b
Treatment Animal Mean ± (S.D.) Ml M2 M3

Negative Control 1 4 (1.9) 33.5 54.0 12.5
2 4 (2.1) 15.5 69.5 15.0
3 4 (2.2) 17.5 77.5 5.0
4 4 (1.9) 12.5 77.5 10.0

Solvent Control 1 4 (1.9) 6.0 83.0 11.0
(DMSO) 2 5 (2.1) 25.0 65.0 10.0

3 5 (1.9) 12.5 80.0 7.5
4 4 (1.3) 10.0 63.0 27.0

Positive Control 1 57 (11.2) 79.0 21.0 0.0
(Cyclophosphamide 2 53 (9.6) 23.5 75.0 1.5

30 mg/kg) 3 50 (11.1) 29.0 65.0 6.0
4 50 (10.6) 45.0 53.0 2.0

CI. Solvent Yellow No 33

5 mg/kg 1 3 (2.2) 14.0 70.0 16.0
2 4 (2.1) 12.5 49.0 38.5
3 5 (2.9) 8.0 60.0 32.0
4 5 (2.6) 14.0 70.0 16.0

15 mg/kg 1 4 (1.9) 7.5 62.5 30.0
2 5 (2.8) 6.0 70.0 24.0
3 3 (1.1) 6.C 34.0 60.0
4 No SCDC - - -

25 mg/kg 1 2 (1.5) 14.5 46.5 39.0
2 4. (2.3) 19.5 58.0 22.5
3 3 (1.9) 13.5 26.5 60.0
4 No SCD - - -

35 mg/kg 1 2 (1.2) 2.5 14.5 83.0
2 3 (1.6) 4.5 29.0 66.5
3 4 (2.5) 14.0 56.5 29.5
4 4 (2.6) 6.0 32.0 62.0

a Mepn f 30 cells/animal
b Ba..,' on 200 spreads/animal
c SC" - Sister Chromatid Differentiation
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TABLE 17. SCE AND CELL REPLICATION KINETICS ANALYSES OF MOUSE BONE
MARROW CELLS AFTER IN VIVO SINGLE EXPOSURE (I.P.) TO
C.I. SOLVENT YELLOW NO. 33: SUMMARY/TREATENT GROUP

Number
of SCE/Cella Cell Kinetics (%)a

Treatment Animals Mean ± (S.E.) Ml M2 M3

Negative Control 4 4 (0.3) 19.8 69.6 10.6

Solvent Control 4 5 (0.7) 13.4 72.8 13.8
(DMSO)

Positive Control 4 52 (3.5) 44.1 53.5 2.4
(Cyclophosphamide

30 mg/kg)

C.I. Solvent Yellow No. 33

5 mg/kg 4 5 (0.5) 12.2 62.3 25.5

15 mg/kg 3 4 (0.8) 6.5 55.5 38.0

25 mg/kg 3 3 (0.7) 5.8 43.7 40.5

35 mg/kg 4 3 (0.7) 6.8 33.0 60.2

a mean of 3-4 animals/group
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TABLE 18. SCE AND CELL REPLICATION KINETICS ANALYSES OF MOUSE BONE MARROW CELLS
AFTER IN VIVO REPEATED (OVER 3 DAYS) EXPOSURES (I.P.) TO
C.I. SOLVENT YELLOW NO. 33: SUMMARY/INDIVIDUAL ANIMAL

SCE/Cella Cell Kinetics (%)b
Treatment Animal Mean ± (S.D.) M1 M2 M3

Negative Control 1 3 (1.8) 12.0 73.0 15.0
2 3 (1.9) 10.0 84.0 6.0
3 3 (1.5) 5.0 85.0 10.0
4 3 (1.2) 10.0 76.0 14.0

Solvent Control 1 4 (1.7) 4.0 66.0 30.0
(DMSO) 2 4 (2.6) 1.0 27.0 72.0

3 4 (2.1) 4.0 64.0 32.0
4 4 (1.6) 2.0 46.0 52.0

Positive Control 1 33 (8.5) 6.0 82.0 12.0
(Cyclophosphamide 2 35 (8.7) 15.0 71.0 14.0
15 mg/kg) 3 33 (5.0) 4.0 84.0 12.0

4 31 (7.3) 7.0 86.0 7.0

C.I. Solvent Yellow No. 33

5 mg/kg/day 1 5 (2.0) 2.0 40.0 58.0
2 4 (2.1) 0.0 49.0 51.0
3 3 (1.2) 0.0 19.0 81.0
4 4 (2.0) 0.0 32.0 68.0

15 mg/kg/day 1 4 (2.1) 4.0 59.0 37.0
2 4 (1.9) 5.0 75.0 20.0
3 3 (1.5) 4.0 57.0 39.0 "
4 4 (1.7) 3.0 31.0 66.0

25 mg/kg/day 1 3 (1.5) 1.0 53.0 41.0
2 4 (1.5) 2.0 36.0 62.0
3 3 (1.9) * 3.0 53.0 44.0
4 3 (1.3) 0.0 13.0 87.0

35 mg/kg/day 1 3 (1.6) 0.0 6.0 94.0
2 7 (2.5) 21.0 75.0 4.0
3 4 (2.1) 0.0 54.0 46.0
4 3 (1.4) 3.' 31.0 66.0

a Mean of 30 cells/animal
b Mean of 200 spreads/animal
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TABLE 19. SCE AND CELL REPLICATION KINETICS ANALYSES OF MOUSE BONE MARROW
CELLS AFTER IN VIVO REPEATED (OVER 3 DAYS) EXPOSURES (I.P.) TO

C.I. SOLVENT YELLOW NO. 33: SUMMARY/TREATMENT GROUP

Number
of SCE/Cella Cell Kinetics (%)a

Treatment Animals Mean ± (S.E.) M1 M2 M3

Negar'qe Control 4 3 (0.1) 9 80 II

So',ent Control 4 4 (0.2) 3 51 46
(DMSO)

Positive Control 4 33 (1.3) 8 81 11
(Cyclophosphamide

15 mg/kg)

C.I. Solvent Yellow No. 33

5 mg/kg/day 4 4 (0.7) 1 35 64

15 mg/kg/day 4 4 (0.2) 4 55 41

25 mg/kg/day 4 3 (0.4) 1 40 59

35 mg/kg/day 4 4 (1.7) 6 42 52

a Mean of 4 animals/treatment
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exceptional animal at the highest dose did reveal a small but significant
SCE increase, and slowed cell-cycling as well. The exposure group as
a whole did not reveal SCE induction or cytotoxicity effects.

Dye coloration or crystal evidence was not apparent in the
peritoneum of animals dissected at the time of marrow cell harvest.
There were also no crystals of dye evident in peritoneal cell pellets
examined under a microscore. Peritoneal cell viabilities from 2 mice
treated with 35 mg/kg C.I. Solvent Yellow No. 33 were similar to
those of control (96.9% ani 97.7% for treated animals vs. 95.2% and
97.5% for control animals). The percentage of cells represented as
macrophages was also comparable between negative control and treated
mice (83-84%). No traces of the dyes were observed in the marrow
cell preparations.

Higher dose testing of both the C.I. Solvent Green No. 3 -

C.I. Solvent Yellow No. 33 mixture and C.I. Solvent Yellow No. 33
was constrained by DMSO toxic effects and dye solubility in DMSO.
Regardless of dye concentration, DMSO was determined in preliminary
trials to inhibit cell cycling at injection volumes approximating
0.15 ml, and to cause animal death at higbher doses. roses considered
to be at, or near, the limits of solubility in 0.1 ml of DMSO (20
mg/kg C.I. Solvent Green No. 3 - C.I. Solvent Yellow No. 33 mixture;
15 mg/kg C.I. Solvent Yellow No. 33), and higher doses clearly
as particulate suspensions, failed to give any clear evidence of SCE
induction or cytotoxicity. Preliminary experiments suggesting cell-cycle
delay effects from the dyes were not confirmed. It is now felt that
these effects probably stemmed from the DMSO solvent initially used
at higher concentrations. With the exception of one mouse revealing
an approximate doubling of the control SCE values after multiple C.I.
Solvent Yellow No. 33 injections at the highest dose, the data for
both dyes were uniformly negative.

Although it is possible that the dyes may not have been distributed
to the bone marrow, there was no evidence of dye localization in or
around the peritoneal cavity. Further, there was no indication that
peritoneal cells were stimulated by the dye. In the context of the
present study, it is presumed that the I.P. injected dyes are
distributed to marrow cells, and are inactive for SCE induc'on.
Additional studies to evaluate effects after alternative routes of -7
exposure (i.e. oral), in different cell-types (i.e. lung-from primary
cell cultures established after inhalation exposure), and/or in cell
cultures after in vitro exposure (so as to circumvent possible "'ver
detoxification effects) are suggested if further confirmation of

-49-
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negative activity for this genotexic end-point is desired. In
conclusion, cytogenetic evaluations, specifically SCE analysin in bone
marrow cells of mice exposed in vivo, have not revealed any evidence
of genotoxic potential associated with these dyes.

Conclusions

Two dyes, C.I. Solvent Yellow No. 33 and a C.I. Solvent Green
No. 3 - C.I. Solvent Yellow No. 33 mixture were tested for mutagenicity
in seven strains of Salmonella typhimurium, the L5!78Y/T1K/- mouse
lymphoma assay and in vivo in mice for sister chromatid exchange analysis.
A purified C.I. Ealvent Yellow No. 33 was tested in the seven strains
of Salmonella typhimurium, and the L5178Y/TIK/- mouse lymphoma assay.
In vivo, the two dyes were incapable of inducing SCEs. In vitro all
three dyes gave a positive response for gene mutat:on in Salmonella
strains TAI02 and TA104. In vitro, all three dyes induced gene mutation
at the TK locus in the mouse lymphoma assay. A large proportion of the
mutants were small colonies predicting that the dyes might be clkstogenic.
(Preliminary studies for gross aberrations using mouse lymphoma cells
confirm that the dyes can induce chromosome breaks, translocations and
chromosome deletions.)

In evaluating the significance of the results from this test battery
it is important to consider the differences between the in vivo and the in
vitro results, as well as tha different sensitivities of the endpoints.
The negative in vivo results could have resulted from the non-genotoxic
natu.e of the dyes, the failure of the dyes to reach the target tissue,
or the specific inability of the dyes to induce SCEs. In performing
the tests, care was taken to observe that dye crystals were not
apparent in the peritoneum of animals dissected at the time of marrow
cell harvest.

The ability of the dyes to induce SCEs was also questioned. In
preliminary studies (Doerr and Moore, unpublished data, U.S. EPA, 1984)
the pure yellow dye was evaluated for its ability to induce SCEs in
mouse lymphoma cells in vitro. The results were negative. It appears
therefore that the negative in vivo results may be due to the insensi-
tivity of the endpoint to the dyes rather than a true in vivo non-
genotoxicity of the dye ;. If a further evaluation of these dyes is
desired, it would be interesting to test them in vivo for the induction
of gross aberrations and in a different cell line (possibly human
lymphocytes) in vitro f%. gross aberrations.
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The purified C.I. Solvent Yellow No. 33 was tested to determine
*• if the dye itself or the impurities were responsible for the observed

mutagenic activity. This purified dye was found to be mutagenic in
"Salmonella, and at the TK locus of mouse lymphoma cells. It was also
"found to be clastogenic to mouse lymphoma cells. From these studies
it is clear that the dye itself, not an impurity, is mutagenic. This
dye is present both in the yellow dye and the green-yellow mixture.
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"Appendix A

(Data and statistical analysis for the Salmonella typl'(murium bioassays
of 3 Army dyes. The data is ordered in the following manner. Data
sheets for individual experiments which include testing of a single
compound both with and without activation are followed by two pages
showing the statistical analysis of the data with and without activation.
Cultures with S-9 activation are indicated as RLA026 or RLA027.
BMGS-84-0001 is the code fur the C.I. Solvent Green No. 3 - C.I. Solvent
Yellow No. 33 Mixture; BMGS-84-0002 is C.I. Solvent Yellow No. 33; and
BMGS-84-0003 is the purified yellow dye.

-55-

0

"Si.



/

, UTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 -

C. 1.SOLVEtNT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURITJT

IN VITRO ASSAYS wZTW SALMONELLA TYPNIPURIUM
OF ARMY DYE GREEN

RESEARMCH LAS: 686A ON O313080 08127/•14

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1CC

A NISTIOINE REVERTANTS PER PLATE
C UGS PER

COMPOUNo t Ps.AYE A A 0 E MEAN STO

POS CONTROL
NAAZJOE " 3.00 1179 12C5 11iO 1188.c0 14.73
2-AA ALAGC6 5..G 303 360 28 340.33 36.69

%EG CONT0L
010T,,YLSýLF kLA026 1C•,OOU 105 1C1 103 1C3.co 2.00

1'GCju 103 134 i7 111.33 19,86

b1GS-34-wC~l
kLA026 1.c0 108 103 105.50 3.54
mLA026 SCO 126 134 129.00 4.24
RLAC26 1..0 1'2 iCi 125.50 23.33
ALACie 3.,C0 133 1C'. 118.50 20.51
ALA026 5U.0O 138 100 122.00 22.3
'LA026 10v.Oý.4 173 165 169.00 5.o6
RLATZ6 3CC.t0 153 14 148.50 6.36
hLAC20 5CL.%0 161 15o 159.50 2.12
RLA026 I(OG.(jO 142 1340 138.00 5.66" 1.uO 114 120 121.C0 9.90

- 5.QO 102 144 123.00 25.70
I .- 0 , 108I' 7- 90.CO 25.46- h.GO 132 127 129.50 3.54

* 5t;.0 116 125 120.50 6.36- lO1.j0 131 113 122.00 12.73
. 30C0. 40 l1u 138 124.00 19.830500.00 165 145 155.00 14.14

1 1oO . C 131 117 124.CO 9.90

G-PGS T-PPT
F4E4GC00v CHECK : TRUE MTANTS %-NGS P-PPM
STERILITY S-; : NOT CONTAMINATED To-TUxIC M-MGS B-OPS
SAMPLE STERILITY: NOT CONTAMINATED TNCTCTGO %UPEROIS TC COUNT L-NLS ZIN
ACT MIA/PLATE !CuWGS NATC-NT ABLE TO COLNT U-ULS C-UM

A-1
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"MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 -

C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SAL4ONELLA TYPHIMURIUM

IN VTITO ASSAYS WITH SALMONELLA TYPHIMURIUM
OF ARMY DYE GREEN

RESEARCH LAO: G86A ON 03/30/84 08/27/184

TEST TYPE: STAND)ARD PLATE INCORPORATION STRAIN: TAtGO

*ALA;.2*

A8OVE 1CC, 6GIPLATE. TNE SAMPLE APPEARS TO PRECIPITATE OUT OF SOLUTION.
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IUJAGENICITY TESTING OF CoI. SOLVENT GREEN NO. 3 -

C. I. SOLVENT YELLOW NO. 33 MIXTURE IN SAUMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONILLA TYPHIMUOIUN
OF ARMY GTE GREEN

SRESEARCH LAS: 688A ON 04106/84 08/27/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TAIOC

A NISTIDif RAEVERTANTS PER PLATE
C uGS PER

COMPOUND T PLATE A a C 0 E MEAN ST0

PIS CONTROL
NAAZIOD * 3.00 1253 1350 1320 1307.67 49.66
2-Nf 1-4A026 ... 5O 953 a 1 1,2 869.c0 74.28

hEG CONTROL
0qfETHYLSOjLF RLAC26 IO0.uOU 115 125 114 118.00 6.Ca

- 1co.OCu 109 1Ci 110 107.00 4.36

tLA026 1.00 129 127 125.00 1.41
ALAC26 5.00 143 141 142.00 1.41

NLAC26 1.Cl 1SO 173 165.50 10.61
kLA0Z6 33.C0 146 154. 150.00 5.66
KLA026 s5.00 151 164. 157.50 9.19
1LA026 10C.00 185 166 176.50 1-.02
ALACZ6 3U,.00 173 153 163.00 14.14

- 1.Co 113 129 121.00 11.31
- 5,uO 125 161 141.00 25.46
- 10.00 *15 114 114.50 U.71
- 3c.o0 130 131 130.50 0.71
- 50.00 137 117 '?7.0O 14.14
- 1O0.0o 139 111 % 3.o0 1.41
- 3oG.wo 129 12a 1.3.50 0.71

G-PGS T-PPT
PHENOCOPY C)qEC• . TRUE MUTANTS N-NGS P-vPP -

STERILITY S-9 N4OT CO,4TAPINATED T.-TOXIC M-M6S 9-PPS
SAMPLE STERILITY: NOT CONTAMINATED TNTC-TOO NUM4EOUS TO COUNT L-NLS I -s
ACT P#A/PLATE 5.:WGS NATC-NGT AdLE TO COUNT U-ULS C-UM
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MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 .
C.I, SOLVENT YELLOW NO. 33 MIXTURE IN SAL'MONELLA TYPHIMUIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURZIUM
OF ARMY DYE GREEN

RESEARCH LAS: Ga8A ON 04/0618A 08/27/84

TEST TIPE: PLATE TEST - PREINCUBATION STRAIN: TA1O0

A HISTIDINE REVERTANTS PER PLATE
C uGS PER

COPOUND T PLATE A a C 0 E MEAN ST3

POS CONTACL
NAAZIDE - 3.w0 1227 1273 1267 1257.33 26.84
2-AA RLA06 .5.0 354 307 337 332.67 23.80

NEG CONTAOL
DZMETMY6SULF RLA026 10C.00u 105 117 115 113.33 4.73

- 100.JOu 14 132 147 134.33 8.74

ALA026 1.,o 115 137 126.00 15.56
RLA026 5.00 137 1(1 139.00 2.83
RLAC•6 1.0O 105 1i; 127.CO 31.11
RLA:e6 3;.0W 139 1z 1!8.50 0.71
RLA026 5C. O 165 170 167.50 3.54
ALA040 10U.00 166 184 175.00 12.73
RLAOZ6 3T0.00 163 152 157.50 7.75

- 1.00 I10 1/.z 123.50 26.16
Sý.o0 108 131 119.50 16.26

10.00 137 115 126.00 15.56
3L.O0 145 145 1.5.00 c.Co
S 5.0C 161 12i 145.00 22.63

S 1C0.'0 117 120 118.50 2.12
!30.;0 117 11s 117.50 C.71

G-PGS T-OPT
PHENOCOPI CHECK : TRUE "uTANTS N-NGS P-PPW
STERILITY S-i : NOT CONTAMINATED T-TOXIC M-MGS a-PPs --

SAMPLE STERILITY: NOT CCNTAINATEO TNTC-T00 NUFER0US TO COUNT L-NLS 1-M
ACT MIXIPLATE !COUGS NATC-1GT ABLE TO COUNT U-ULS C-UM

A-8
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MUTAGENICITY TEST114G OF C.I. SOLVENT GREEN NO. 3-
C. 1. SOLVENT YELLOW NO. 33 MIXTURE IN SAL24ONELIA TYPHIflURIUM

IN VITRO ASSAYS WITNq SALMONELLA TVWPHZURIUR

RESEARCH LAO., GIGA ON 064OS/84 ~278

* TEST TYPE: STANDOARD PLATE INCORPORATION STRAIN: 'A102

A mISTIPINI REV~ERTANTS PER PLATE
C uGS PER

*COMPuuftD T PLATE A 1 0 1 PtWah STU

POS CONTROL
OTHER P0s 'kLA027 %.ý 1253 1203 1096 1184.00 80.21

0 .50 1451 ¶5cý 15dw7 1489.00 3Z*92

hEG CONT.mOL
3ZM6TmYISwLF rkLA027 1OQ004C~ 269 325 Mu 298.67 26.15

100 . 0 O u 215 213 2 3 10.533 0.,63

*bMG S -64-JCý I
RLA04' 1lv.Co 311 334 324.50 19.09
~L A4i 30.LO 395 4 4 421.50 37.4!9

ALAC 47 SQ.00 '80 52c 503.C0 32.53
0ACI'7 103..CG 586 651 605.SC 31.82

;,AC47 300,C0 654 69.. 674.00 2a.ZZ
1 ý' ý 301 29c, 295.50 7.7a
Ui3.w0 380 413 396.50 23.33

- 5'ý.*0 '56 'C? 431.50 34.65
- 10L.00 477 3389 '33.00 62.23
- 30o.ric S00 363 441.50 82.73

0 G-PGS T-PPT
FwENGCOCPY CHECK TRUE MUJTANTS N-EG S P0PPQ
STERILITY S-9 's0T CONT'ANINATED To-TOXIC P-AGS S-~p9
SAMPLE STERILITY: NOT CONTAMINATED INTC-TGO NPiURCUS TO COUNT L-NL S I -il
ACT P411IPLATE SCCUG4 NATC-NQT A13LE TO COUNT U-ULS C-U

A-11



/J

-._JTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 -

"C.I. SOLVENT YELLOW Nn. 33 MIXTURE IN SAL•CNELLA TY"PHIMURIUM

OF IN VITRO ASSAYS wnTH SALMONELLA TYPHIPURIUM
OF ARMY DYE GREEN

RESEARC.H LAB*. GBBA ONq 06/05/8& 0]8/27/8,

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA102

*RALAC.Z

POSITIVE CONTROL USED .AS DANT"I10N.

MITGMYCIh-C wAS wSED AS THE POSITIVE CONTRGL,

A

A-12
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MUTAGENICITY TESTING OF C *l. SOLVENT GREEN 1O0. 3
Col. SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAY$ olTM SALMON6ELLA TYPg.LPU*IUR
OF A40V AYE GREEN

RESEARCH LA9: 688A ON G6108/84 0/76

TEST TYPE: STANDARO PLATE X14CORPORATIOIU STRAIN: TA1C2

A HISTIDIPSE REVERTANTS PER PLATE
C UGS PER

CONPoutO PLATE A S C 0 E PEAN STD

POS COkThOL
OTHER pu.s iLACZ? %e.c.0 (4)1176 12ý3, 1192.o0 22.t!

- .50 1182 1166 1170 1173.33 7.57

KEG6 CONT.A0L
DZMkTmYi.SuLF ktLAC27 ICC.CO0L 257 234 239 24-3.33 12.10

l co.coL. 154 (4.) 145 149.50 *.S6

ALA027 10.~c (4) 270 270.00 0 .00f
ALAC27 3c, * 0c 412 4C~ i.06.co a .4.9
iLACZ? 5ýoc '53 4!7 4645.00 11.31
ALACi7 I GC .10 547 50? S27.CO 26.28
RLA027 30C.00 684 66Ci 672.CO la.v7

- 1Q~.00 214 203 20a.50 7.78
- Y.W'O 375 3 3 ý 352.50 !1.82

5 5. CC 346 392 369.00 32.53
- 1cC.. 4.32 44.; '40.50 ¶z.c2

3%0C.C,0 4.a2 490 '86.00 5.66

G-PGS T-@PT
F4ENOCOPY CHtCA : T~uE MUTANTS NP465 p9pN"
STERILITY S-9 : N'OT CONTAMINATED To-TOXIC M-IRGS B-OPS
SAMPLE STERILITY: !.OT CON.TAMINATED ThTC-TC0 NUMEROUS TO COUNT L-PSLS :-No
ACT MI11flLATE SC6G %ATCN.d-T A9LE TO COUNT U-ULS C-tiM

A- 15



MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 -
C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAY: wITN SALMOIELLA TYPUI"U*UM
Of ARMY DYE GREEN

RESEARCH LAO: GSdA 04 06108/84 08127184

TEST TYPE: STANOARD PLATE lNCOAPORATIOk STRAIN: TA1G2

BACKGWOUNDS:

Ct.) CONTARINATED

A-16
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'UTAGENICITY TESTING Of C.I. SOLVENT GREEN NO. 3 -
Cl * SOLVENT YELLOW NO.* 331 MIXTURE IN SALMONELLA TYPHIMUIUM

,IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUN
Of ARMY ODE GREEN

RESEARCH LAS: GISA ON 06108184 O8/2?184

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TAIC2

RLA .. ý,7

4ANThPON 4AS USEO AS A POSITIVE CONTROL.

mITOm4YCIN C wAS USED AS A POSITIVE CONTROL.

"A-17
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MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 -

C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIPURIUM
OF ARMY ODE GREEN

RESEARCH LAS: G8SA ON 06/15/84 08/27/84

TEST TIPE: STANOARD PLATE INCORPORATION STRAIN: TA1O2

A N:STIDINE qEVERTANTS PER PLATE
C wGS PER

COMPCUND T PLATE A a c 0 E MEAN STO

P0S CONTiOL
OTHER POS ALA027 j.50 1252 1377 13's2 1370 1347.75 64.49

- 3c.00 13Sz 132C 13.3 1361.60 35.-4

NEG CONTrOL
DIMETHYLSULF RLAC07 10.jOu 264 261. 206 264.6? 1.15

- 1%.CCu !C2 18C 213 201.00 12.53

EMGS-54-wC•1
kLA0e7 1.00 281 266 274.50 9.19
IiLACj 7 5400 266 25Z 269-C0 216.04
RLA•07 1ý0ý0 293 281 287.CO 8.49
RLACý7 3w,;0 33; 363 360.50 31.i2
RLAC07 5.OC 426 38C 403.CC 32.53
RLAC47 ICý.0 601 53C $65.50 50.20
RLACZ? 3CC.ý0 712 710 714.6o 2.03

- 1..0 203 19L 106.50 9.19
5.00 216 255 235.50 27.58

1..;0 241 23a 239.50 2.12
- • 32! 31i 320.G0 11.31
5w.0 348 426 388.00 !6.57

- 10.60o 437 '44V 443.C0 8.49
- 306.%0 457 .30 446.50 14.85

G-PGS T-PPT
PHENOCOPY CwECK : TPUE MTANTS N-NGS P-PPM -
STERILITY S-9 : NOT CONTAMINATED T.-TaxiC M-PGS j-PP
SAMPLE STERILITY: NOT CCNTAMINATED TNTC-TCO NUPEROUS TO COUNT L-NLS 1-0M
ACT MIx/PLATE : s6c.GS hATC-NuT ABLE TO COUNT U-ULS C-LM

A-20



MUTAGENICITY TESTING Of C.I. SOLVENT GREEN NO. 3 -
C.I. SOLVENT YELLOW NO. 33 NIXTURE IN SALUoNELL. TYPHIMUIU.

IN VITRO ASSAYS wITH SALMONELLA TYPWIMltIIUM
OF ARMY DYE GREEN

NISEAOICH LAI: 684A CN 06115/84 08/27184

TEST TYPE: STANDOAR PLATE INCORPORATIQh STRAIM: TA1a2

*ALA.A2 7

MITOMYC1:4 C %AS USED AS THE POSITIVE CO.wTROL"

ýANTNRON WAS USED AS THE POSITIVE CONTROL.

A-21
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MUTAGENICITY TESTING OF C.I. SOLVENT M2EN 140. 3

C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SALJIONELLA TYPHIJMIUMII

IN vITRO ASSAYS dITH SALPONELLA IYPMIPURIXU
OF ARA? DYE GREEN

RESEARC14 LAI': GalA on 06105/8' C8127164

TEST TYPE: STANDARD PLATE INCOIPONATIV4 SITAIN: TA¶C4

A MISIOZNI IE.EBTANTS PERS PLATE

c U6S PER
COMPOukD I PL.ATE A 1 C 1 PfAft STS

POS CONiT'0L
2-AA hLAC07 3.00 Z24 2346 !4-64 2405.33 151C.65

OT4LR Pi.S - 50.00 1736 185? 17.6 1726.33 65-:4

NEG CONtilOL
DIMETHYL.S~JL RLACU

7  IC;.CCu 35C 31a 2,0 318ao 30.09
- ¶(c.:Cu 2'1 22i 252 233,33 15.18

SMGS-34jOCQl
ALAC147 1.00 314 35' 334.00 28.28
ImLA30 7  5.,.0 314 3S,6 334.00 2b.25

ALACe.? lC...O 361 36%. 36C.50 0.11

qLA00
7  iu.ýc '50 '655 452.50 3.5'

ALAC27 5(..OC 532 SOs 518.50 1q.C9

RLAC0? IC00.OC 54. S 1 531.00o 18.18
4LAC47 3Cc..CO 512 39a 454,00 IL.cZ

- 1.00 300 24i 271.CO 41.01

- 5.00 263 2C5 234.00 411C.1

- ¶0.0 266 262 284.00 20o3

- 3w..0. 283 2a7 a85.c0 Z.63

- 50.00 323 260 304.00 33.94
- 100.00o 330 325 327.50 3.54

4- 36^w.00 305 284 297.00 71.31

G-PGS T-PPT

PMNEP4COP'I CI4ECK TQwc muTANTS N-NGS P-PP"

STERILITI S-9 NOT LONTAM14ATED T'-TOXIC A-MGS B-PP9

SAMPLE STERILITY: NOT CONTAMINATED TNTC-TG0 NUPPEROUS TO COUNT L-NLS I -'*

ACT MIA/PLATE 5,.Ci.Gs ,,ATC-N%)T A8LL TO COUNiT U-ULS C-U"

4 ~A-2 4



iI I

MTrrAGENICITY TESTING Of C.I. SOLVENT GREEN NO. 3 -
C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURIUM

IL VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
0p ARMY DYL GREEN

RESEARCH LAB: GIdA ON O6IC3184 08/27/8&

TIST TYPE: STANOARD PLATE INCORPORATION STRAIN: TA1O&

METHIL GLYONAL PAS USED AS THE POSITIVE COTROL.

4A-I

A-2 5
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I

"MUTAGENICITY TESTING Of C.I. SOLVENT GREEN NO. 3 -

C.I. SOLVENT YELLOW NO. 33 MIXTUrE IN SALMONELLA TYPHIMURIUN

IN VITRO ASSAYS WITH SALMONELLA TYPMIMURIUM
OF ARMY OYE GREEN

RESEARCH LAB: 618A ON 06108/84 08/27184

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TAlC4

A nISTIDINE REVERTANTS PER PLATE

c uGS PER
COMPOUND T PLATE A a C D MEAN STO

POS C0NT4CL
2-AA ALAC47 3.wC 2C53 200ý i0c6 2047.C0 '2.32
OTmER PwS - O 1810 171. I?70 1769.33 .6.92

NEG CONTOL

D14ETnILSULF hLA007 1CC.0OU 363 402 3PS 380.00 19,97
- 1C.COu 277 260 279 274.00 7.00

ALA0?7 1.00 353 351 352,CO 1.41

FLAC07 5,.0 383 3&1 382.00 1.41
kLAC..? l.ý0 405 37' 387.50 24.75
ALAC07 3..60 416 W6i .42.50 37.48
ALA07 50.S 0 505 46a 485.50 27.58
ALAC27 10C.A0 532 53Z 532.00 0.CO
RLAC,7 30C..O 532 5Z4 528.00 5.66

-. ,0 298 25u 274.00 33.94
5. 0 290 26o 279.00 15.,6

-1C*,O 3ý5 310 311.50 9.19
- c..o 317 319 318.00 1.41

- 50.00 338 317 312.50 6.36
• 100.rc 376 37o 376.00 u.C.C
- 30C.ýC 330 352 341.00 15.56

G-PG$ T-PPT
PHENOCOPY CHECA : TRUE %uTANTS h-NGS P-PPR

STERILITY S-9 : NOT CONTAMINATED To-TOXIC M-NGS e-OP9
SAMPLE STERILITY: ?.OT CONTAMINATED TNTC-TOO NUMEROUS TO COUNT L-NLS 1-0N
ACT MIX/FLATE : 5'GSG NATC-NQT ABLE TC COUNT U-ULS C-UP

A-28
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KUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 -

C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURIUM

W IN VITRO ASSAYS wITH SALMONELLA TTPHIMURZUM

OF ARMY DYE GREEN
NESEARCN L,,: GBIA ON 06i05184 08/27/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1S35

A NISTIDINE REVERTANTS PER PLATE*
C uGS PEA

COAPOUNO T PLATE A a C 0 1 MEAN STO

POS CONTkOL
NAAZIDE * 3.00 108 1cs? 1018 1047 .67 26.27
"2-AA AdLAO27 3.GO 154 154 1ý7 155.00 1.73

NEG CONTAOL
DIMETNYLSULF mLA027 1.C.C0U 32 33 18 I 27.67 6.9

• 1Ci.Gou 55 su 40 48.33 7.64

bMGS-3'*-0•l

ALACc7 1G.G0 25 15 20.50 6.36
efLA027 34.00 2' 2i 26.50 3.54
.LA027 50.00 28 2; 28.50 0.77
ALAC27 100.00 17 2. 18.50 2.12
RLA047 3CC.CG 14 21 17.50 1-.95

1c.o00 81 52 S6.50 6.36
- 3iZ0 28 32 30.CO 2.83
- 5j.c0 '0 3&' 36.CO 5.*6
- 100,.0 51 41 46.00 7.C7

- 300.00 36 4i39.00 4.4'

G-PGS T-PPT
PWENOGCGPY CHECK : TRUE MUTANTS D*NGS P-PP4
STERILITY S-9 : NOT CONTAMINATED Te-TOXLC A-MGS 8-"9
SAMPLE STERILITY: NOT CONTAMINATED TNIC-TWO NUMEROUS TO COUNT L-NLS I-oM

ACT MIX/PLATE 5 •=GS NATC-40T ABLk TO COUNT U-ULS C-UP

A-31
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MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3
C.*I * SOLVENT YELLOW NO.* 33 MIXTURE IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAY! WITH SALMONELLA TYPHIPURIUM
OF ARPY DYE GREEk

RESEARCH LAS: GIBA ON 06106/84 08/27184

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1S5!

A HISYIDINE REVERTANTS PER PLATE
C LJGS PER

C0mp5~U-%D T PLATE A a C 0 E MEAN SID

FOS CINTRIOL
NAAZIýE -3.00 1003 Cg71; IC14 996.6? 17.9C
2-hA ftLAC27 30(lC 89 103 110 10C.33 1c.ý6

NEG CONTiOL
0IMjTHYLS4.LF RLAC47 1CC.C0u 25 2.. Is 22.33 3.7

l- 30 4! 2o ea32.31 9.Z9

8MGS-34.-4oz

iLm~r.7 3..40 19 1ý 17.00 2.b3
ALAC27 5ow~O 17 IQ 17.50 C.71
k'L^" -7 ICC.OC 21 21 21.C0 ý.co
w LAPW7 lCw.c.o 11 10 l.CO 1.411

- 1L..W0 36 Z? 31.50 c..6
- !L.co 36 17 26.50 13..44

S ..00 24 3.3 28.50 c.36
- ý.ý 41 2? 31.CC ;..'0
- 3%...c. z1 1? 1.00 Z ..~33

G-PGS T-PPT

FMENCCOPY CHECK~ : TRUE "UTANTS %-%GS P-PPO
STERILITY S-ý, : %OT CJNTAPINATED To-TOXIC N-FOGS E-PP9
SAMPLE STERILITY: PiCt CONTAMINATED TNTC-T~oO NUMEROUS TO COUNT L-hLS 1-1

ACT MIA/ilLATE 5ZtiG5NA TC-N(J T ABLE TO CCUNT U-ULS C - 1

A- 34
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?CTTAGENICITY TESTING OF C.*I * SOLVENT GREEN 140. 3-
C.!. SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYP41IMURIUM

IN VITRO ASSAYS *IT* SALMONELLA TYPWNLJSNIUM
OF ARPY *ii Galk~

41SIAIN~o LAS: 684A Oh 06105164 C178

TEST TYPE: STANDARD PLATE IP.CORPONATIO4 $TRAIN.: TAlS!?

A HISTICIP4E REVERTAN.TS PER PLATE
c u.GS P(Q

CarpuUka T PLATE A S C 0 a MEAft STO

Pos CohTAOL
9-4A cý.~.o 125t 1335 14 )2 134a.33 17.68
2-AA klL CZ7 3.;o 5t '72 'ul '.ac*33 76.8'4

D0[NToY6SgLF RLA00? 10.ýCU 20 16 1? 17.6? 2.08
* C~..Cu '9 6.33 c058

iLAW^0 3.ý 25 2ý22.50 3.54
mL A: 5w...C 39 21 3C.00 12.73

PlLA0e.7 3C...w0 27 2o 26.50 ... 71
* 1*.0 16 If 14-.00 2.83

:.. 14. 1? 15.50 2.12
- 5ý...c 1'. 2 L 17.00 'o.24

- 0.~ 16 14 15.G0 1.41
3cc.3 16 13 14.50c 2.12

G-PGSI ?-PPT
P'4iECGPI CmECmL TQL.E *AuTANTS o- NGS sP-pplq I
STERILATy S-; : 40T COhTAPINATED T*-TQXIC 04-16s 5..0Ps
SAMPLE SrEPZIITv: l#OT CONTAMNIPATED TPTC-%O 4~00RUS TO COUN.T L-%LS I -o
ACT MZlxirLATE %'24%ATC-%4.T AcL TO C06NT W-t-LS C-UM

A- 37
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MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 -
C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
OF ARMY DYE GREEN

RESEARCH LAB; G8BA ON 06/0/I84 08/27184

TEST TYPE: STANOARD PLATE INCORPURATION STRAIN: TA1537

A PISTIOINE REVERTANTS PER PLATE
C UGS PER

COMPouNo T PLATE A C 0 E MEAN STO

POS C3#T•OL
9-AA - 100.00 512 805 453 523.33 76.63
2-AA RLA0U7 3-0 314 31 3111 313.67 2.52

NEG CONT4OL
DIMETHY6SULF ALA30 1'ý.,OU 20 l1 16 13.00 2.CO

- 1c..coi 12 7 17 IZ.QO 5.wO

* ~~MGS-34-..3,01
RLA027 1.Lo 26 15 20.50 7.78
QL-14' 34.s.0 2 31 25.50 7.78
ALA:r7 5L,.:o 21 2* 22.50 2.12
OLA:?7 1%.:0 (4) 3- 39.00 0.00
,qLA0z7 30ý.30 24 2. 26.50 3.54

- ..ý0 25 21 23.00 2.63
i•- ?. - 17 Ic 17.50 C.71

-5Uco 13 1'r 14.50 Z.12""o10..00 is lo 17.c0 1.41

- Cu..Jo 24 27 25.50 2012

G-PGS T-OPT
- PHENOCOPY CHECK : TRUE MUTANTS N-NGS P-P"P

STERILITY S•i : NCT CONTAMINATED 1*-TOXIC M-MGS 9-0P8
SAMPLE STERILITY: 40T CONTAMINATED TNTC-TOO NUmeROUS TO COUNT L-NLS 1-0M
ACT MIA/PLATE 5: c,^-GS NATC-NGT AbLE TO COUNT U-ULS C-UN

A-40
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MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 -
C.I. SCLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIM IUM

IN VITRO ASSAYS wITW SALMONELLA TYPHIMUZIUM
OF ARMY DYE GREEN

RESEARCH LAB: G98A ON 06/•aSI8 C8127184

TEST TYPE: STANDARO PLATE INCORPOAATIOk STRAIN: TA1537

aACKGoOuNDS :

(&) C€•TA'INATEQ

A-41
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MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3
C.*I * SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHI.MURIUM

IN VITRO ASSAYS wITH SALMOkELLA TYPHIPURIUM
OF ARMY DYE GREEN

RESEARLN LAS: G18BA ON 06105/84 0/78

TEST TYPE: STANDARD PLATE IP4CORPGRATION STRAIN,: TA1538

A hISTIDINE REVERTANTS PER PLATE
C u.GS PER

COMPOUND T PLATE A a C 0 E MEAN STO

POS CON4TNOL
2-- 3.ýO 815 852 629 631.67 18.7?

2-AA R'LA02? CD.50 1ot 1063 1C52 1058.67 5.36

NEG CONT,(CL
DIVET01YLSOJLF mLA027 1OCj.60L 4.1 Vw 36 32.00 11.53

- C..i ! 13 is 15.33 2.52

krLAOZ? il',ý 36 !3 34.50 2.12
RLAOý7 3 ..ý -2 33 37.50 6.38
RLACZ7 5C..0 32 4z36.00 5.66
;iLA027 ICC..ý0 4.C 33.00 .909
,ALA047 30U...O 19 ii 19.00 Cocl

- .Z 19 13 17.50 2.12
- 3w..0 17 17 17.00 V..co
- 5%0..C 20 15 17.50 3.54:

- %ý 13¶0 1; 59.50 57.28
- 30CýýO 15 14 13.50 2.12

G-PGS T-OPT
PMENOCOPY CH4ECK TRLE MUTiANTS Pi-NGS P-PP"
STERILITY S-4 :1OT CONTA14INATED T*-roxic M-MGS 8-0p9
SAMPLE STERIL.ITY: NOT CINTAMINATED YNTC-T%0 NUPEROUS TO COUNT L-NLS I-""
ACT MIX/PiLATE :53"-GS PIATC-NvT A8LE TO COUNT U-ULS C -UM

A- 44
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MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 -
C.*I SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURIUM

:N VITRO ASSAYS WITH SALMONELLA TYPHIPUSIUM
OF ARMY OrE GREEN

RESEARCH LAS: GSSA ON 06i08/84 C8/27/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1538

A NISTIDINE REvERTANTS PER PLATE
c uGS PEk

COmPuUND r PLATE A I 0 E 4 MEAN STO

POS CONTOL
2- 3.00 502 6O6 5298 54.67 53,C.Z-AA MLAOC A.50 816 807 8S8 61.CO 10.54

NEG CONTROL
OIMETYLSuLF RLA027 1•.aau 60 6 O 73 71.67 ;.L7

" " 0.004 21 16 19 19.33 1.53

imGS-34-4~cO1
PLA3e? 7 .. 0 52 5c 51.00 1.41
ALAC-47 3:.ýO 6A6 67 73.50 9.19
mLAC07 5w.a 57 6z 59.50 3.54kLAw?7 4 47 6b 56.00 12,73
RLA:,e7 3C,..O 3t 305Z.C~

- 10.1;0 15 1 13.50 2.12
" 30.0n 16 1* 17.00 1.•.

5z.ý 17 le 14.50 3.5'.
- lu.wc 13 1j 14,00 1.41

- ~ .I0 1 a 13.50 3.54

G-PGS T-PT
PN[NCCOPY CHECK : TRUE UstTANTS N-NGS p-0pq
STERILITY S-9 : NOT CONTAMINATED Te-TONIC P-NGS *-009
SAf*PLE STERILITY: 4CT CONTAP;%ATEO TNTCT•O NUP•POUS TO COUNT L-NLS 1.u0
ACT 1I44/LATi 5CX.GS NATC-NCT ABLE TO COUNT U-ULS C€*

A-47



MUTAGENICITY TESTING OF C.I. SOLVENT GRZEN NO. 3 -

C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SALM1,NELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMOhELLA TYPHIMURIUM
OF ARMY DYE GREEN

RESEARCH LAS: r8aA ON 06/08184 08127/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA15!b

SPONTANEOUS CONT iS HIGM DUE TO SMALL SALMONELLA COLONIES ON THE PLATE.

A-4 8
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C.I. SOLVEN YLLOW NO. 33 MIXTUR INSA"LMUONELLA TPHI MUR

S~IN VITRO ASSAY$ wiN SALMONELLA TYPHLmuRIUM

OF ARMY DYE GREEN
RESEARCH LAS: G88A ON 06120/84 08127/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1513

A HISTIDINE REVERTANTS PER PLATE

C WGS PER
COMPOUND T P6ATE A O C 0 E MEAN STO

POS CONTACL

2-NF -3.00 492 504 551 515*67 !1,18

2*AA iLA027 ý.50 668 ?1l 737 706.33 35.13

NEG COhTk0L
DIMETHYSULF RLA027 1Cý, OU 45 36 40*00 4,59

a 12.OU 8 I 16 12.00 4.c0

8MGS-34-L0I
kL-tA.? 1coUO 01 31 36.00 7*C7

RLAC27 3ý.00 sc 41 45.50 6.36
mLAC47 5%;*ýo 38 3i 38050 C071

4LAOZ7 lO•-.ýO 51 40 49.50 2.12
ALA•e47 Z•.• 5 :7 26,00 11.•1

- 1..•O rv 1 12.00 4*24

-5v..cC 17 lo 17.50 0,71
,- I .30 1; 17 1500O 1.,.l

-21G•O • 16 18.so 3054

G-PGS T-OPT

PHENOCOPY CHECK : TQLE *uTANTS N-NGS sp-op"
STERILITY S-9 : N07 CONTAMINATED T*-T0XIC 14-PGS B-PPS

SAMPLE STERILITY: 401 CONTAMINATED TNTC-TGO nUMPEROUS TO COUN4T L-14LS 1 -141

ACT MIliPLATE :5L0tG$ NATC-NwT ABLE TO COUN4T U-ULS C - V

A-51
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/

MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3-
C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURIUM

U

IN VITRO ASSAYS WITH SALMONELLA TYPNIMURIUM
OF ARMY ODE GREEN

RESEARCH LAS: GSdA ON 03/30/64 08/27184

TEST TYPE: STANDARO PLATE INCORPORATION STRAIN: TA98

SA HISTIDINE REVERTANTS PER PLATE
D' C wGS PER

COMPOUND T PLATE A 6 C 0 E MEAN STD

"FOS CONTkOL
2-NF - 3.vi 300 312 315 309.00 7.94
2-AA RLAO46 'J.50 875 837 853 55.0O 1;.G8

NEG COTKTOL
DIMETNYLSuLF RLAC26 1%.3CU 60 .1 a8 49.67 9.61

- IOC.OOu 28 33 30 30.33 2.52

NLA026 1.00 51 so 50.50 0.71
NLA026 5.%0 0 'o 45.00 7.07
kLA026 10.00 53 27.50 7.78

LA026 3 .00 53 60.50 3.54
RLA046 5v.Gc 49 5 53.50 6.16
it LA3r6 10C.00 54 57 55.50 2.12
""4LA026 30ý.0 49 61 55.00 8.49
hLA026 ýO,.O 63 47 55.00 11.31
iLA016 100.00 52 20 39.00 18.38

- 1.00 24 27 25.50 c.12

- 5.00 27 25 26.00 1.41
- 10.00 32 54 43.00 15.56
- 3 a.0 26 30 28.00 2.83
" 5 .00 25 2') 25.00 0.CO
- 100.00 29 2c 24.50 0.36
" 300.00 19 26 22.50 4.95
- 500.00 21 25 23.00 2.83
- 100c.00 25 1i 21.50 '.;5

G-PGS T-OPT
PHENOCOPY CHECX : TRUE MUTANTS N-N;S 0-PPI
STERILITY S-9 : .. 0T CONTAMINATED Te-TOXIC M-MGS -.9P9
SAMPLE STERILITY: ,OT ONTAMINATED TNTC-%o0 NUMEROUS TO COUNT L-NLS I-OM
ACT MI•A/ILATE : SCuGS NATC-NvT A8LE TO COUNT U-ULS C-Q4

A-54
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MUTAGENICITY TESTIUG OF C.I. SOLVENT GREEN NO. 3 -
C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUA
OF ARMY 0YE GREEN

RESEARCH LAO: GIOA ON 04/06/54 08/27184

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA98

A AISTIDINE REYERTANTS PER PLATE
c UGS PER

COMPUfo T PLATE A I C 0 E 4EAN STO

POS CONTROL
2-NF 3.00 250 27C 2S5 258.33 IG.41
2-AA RLAC~t .. o 74IC 825 817 794.00 4a.94

NEG CONTROL
3INETNY6SULF RLAO26 10C.ýOU 42 31 43 38.67 6*.6

- l00.Cu 23 2v •0 24.CO 4.58

6SGS-34-jC•l
ALA16 1.;0 37 4G 35.50 •.12
4LAO26 5.ý0 61 45 53.OC 11.31
QLAOt6 1G.00 29 3ý 30.S 2.12
4LAO46 3k.0O so 4a 52.00 5.66
ALA026 54.0O 45 53 49.00 5.66ALA326 100.00 50 4o 49.00 1.41
RLA326 3CO.00 50 5. 53.00 .. 21

- 1.00 26 27 26o.50 0.71
- S.c 21 29 25.00 5.66
- 1Q.00 25 31 28.CO 4.2'
- 3w.00 26 27 26.50 C.71
" " 5c.O 30 24 29.50 0.71
• 100.00 41 1a 29.50 16.26
" " 3,11.0 20 31 25.50 7.70

G-PGS T-PPT
PbENOCOPY CHECK : TRUE OUTANTS N-NGS P-PP"
STERILITY S-9 : NOT CONTAMINATED To-TOXIC M-0GS S-PPe
SAMPLE STERILITY: NOT CONTAMINATED TNTC-TO NUMEROUS TO COUNT L-NLS I-OR
ACT MIX/PLATE 5.OuGS NATC-NGT ABLE TO COUNT U-ULS C-UM

A-57
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MUTAGENICITY TESTING OF C.I. SOLVENT GREEN NO. 3 -
C.I. SOLVENT YELLOW NO. 33 MIXTURE IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS oITH SALAONFLLA TYPNIPURIUM
OF ARPT ODE GREEN

RESEARCH LAS: GSkA ON 04106/84 0S/27/8&

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA9E

*RLAC2O

A8OVc 100 tjG/PLATEq THE SAMPLE APPEARS TO PRECIPITATE OUT OF SOLUTION.

A-58



6S -V

~ I ~~r~-~Nr-*1 .I! ...
- - (Jwom

:NOfNNNNNNN~ .

z;z i

> .0

X 00

CD W a)

b.4.

W ZI N

I WI N IN I
0. I I-I NW

-0 I -N M.-UN --WO
I j JI maw-LtwD-m N O r-N *. -0

c z to CL INOtNNNNN~qNWWWW

.a 0 U
Iz M r w

*~~~IA II UMiVi-i -
- ZI mmmmmmmmm IN Z m

WZ~U WI~ 0 CIZ 1) U
c _j- IG G GG GGm LC N 00-- - 0

ct. 4c 0 o .... 0 - Z ý _j
Z MI -P',tLs -INrI- -r

~~fl~~0l w -i w -IL... ..

0IO ui 0 0

N C LA UZ uZ
wm-- 40 <0

Z IO I-Z >J~ >I~

U, CLdc0-C r C < 4c



09-V

L-n

a. Z -i . . . . . . I

+ IMO rlVV M
Ij 7

L.a zr w

Z~ A -- m
>zz

z 00 ) x

M CD CD N-

z U (DN7 t~~

w 51

I WUI CDI-II

jiI NN--Cwtfl M N (D CO -j

(- 2 0 Q~
co a u wi r- w

t- z * IrDflf .
WZ wo -i X iZfl Z

0. A 0 1 .I- ... 0 1 - Z - .. i-
no:- mI -P0Lf0 I- U -E -r
Vc)I. I -P U ) 0 0 LA. W..

InWo GIs0 ZI )- 0. 0.
ml LAJ Ut 0. 0.

0 Z U U. -JZ LL

L&J )-- 0. 0

UO< 0 L )J0
> Zn A-0( 'C 'C



KUTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO, 33
IN SALMONELLA TYPHIMUIUK

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
OF ARMY DlE YELLOW

RESEARCH LAS: 6136A ON 03/30/84 0/78

TEST TYPE: STANOARD PLATE ImCORPORTION STRAIN: TAOCC

A mtISTIDINE REVERTANTS PER PLATE
C uGS PER

COMPOUfto T PLAE A a8 0 E MEAN STO

POS CONTROL
FOAA1IOE 3.00 1179 1205 1140 71188.00 14.73
2-AA iLA026 G.50 363 360 zis 340.33 36.09

NEG COkyiOL
OIMETNYLSYLF kLAOZ! ¶O0.COU 105 ICi 103 103.00 2.00

la10.Qau 103 134 v7? 111.33 19.86

eLAC26 i.:C 1.33 131 132.00 1.41
RLACZ6 5.00 115 13Z 123.50 12.02
RLA.Z06 IC.W^O 137 ISO 146.50 13..44-
ALAOý6 3z,.14 172 Z00 186.00 19.00
Ri.A026 50.Z0 170 16i 166.00 5.66
MLAC46 1%ocia0 146 161 153150 10.61
ALACý6 30w*0C 149 138 143.50 7.78
RLA046 5w'w.ZO 132 130 131.00 1.41
ALACZ.ý 1300.00 125 13s 130.00 ?.07

164~i 129 11,s 121.00 11.31
So5.0 141 14.1 141.00 c.c0

* 10.00 120 144 132000 16.97
- 3L.00 154 166 160.00 8.49
- 50.00 151 154 152.50 i012

- lou.00 142 14.1 IAI.S0 0.71
*- 300.00 129 135 132.00 4,24

- 50.00 139 lob 123.50 21.092
- 10oz.C 93 114 102.50 13.44

G-P65 T-PPT -

P141NOCOjPV C04ECK : TUE W*uTANTS 4-006S POpM"
STIRILIT, S-9 :NOT CONTAMiNATED T'-T0XIC 0-06S *9P8s
SA14PLE STERI16ITY: %0T COtoTA04INAYCO TNTC-TqO NUM4ROUS TO COUNT L-NLS I-"M
ACT MIA/PLAT8 5CCuGS NAFC-%NOT APLE TO COUNT U-tLS C-UM
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MUTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
"IN SALMC .ELLA TYPHIMURIUM

IN VITRO ASSAYS wITH SALMONELLA TYPHIMURIUM
OF ARPI DYE YELLOW

RESEARCH LAO: G3aA ON 04/06/84 08/27/84

TEST TYPE: STANDARD OLATE INCORPORATION STRAIN: TAICO

A uISTIDINE REVERTANTS PER PLATE
C uGS PER

COMPOUND T PLATE A a C D E WEAN STD

POS CONTROL
N NAAZIDE - 3.00 1253 1350 1320 1307.67 4L9.66. 2-AA 4LAC26 ".5C 953 ble 2'2 869.00 74.2!

NEG CONTROL
DIMETHYSULF iLAO26 100.00o 115 125 111 115.00 6.08

- 1cc.OCu 109 IC2 ¶10 1C?,Co 4.36

is ALA026 I.c0 132 151 141.50 13.44

RLA0O26 5.•0 144 132 138.00 8.49
SRLA026 c.o00 153 14A 151.00 2.83

RLA026 !u.00 174 15 163,50 1¶465
kLA06 5C.00 146 174 160,CO 19.80
RLAO6 103.00 167 151 159,00 11.31

SRLA026 3Ct.C0 156 135 145.50 14.05
- 1.00 13C 13l 130.00 C.,0
-. 1.30 112 129 120.50 1.Ci
- 1 ,00 12 112 120.00 11.31
- 0 98 117 107.50 13.44

5w.:0 126 132 129.00 4.24
10ý.*0 140 126 133.00 S.0

- ~ 11 1li 114.50 49

G-PGS T-PPT
*PHENOCOPY CHECK : TRuE *UTANTS N-NGS P-PP"

STERILITY S- : NOT C0NTAMINATED Te-TOX-C N-MGS 8-oP9
SAMPLE STERILITY: NOT CONTAMINATED TNTC-TO NUPERCUS TO COUNT L-NLS I-s"
ACT MIXIPLATE 5MGS NATC-NOT AaLE TO COUNT U-ULS C-Um

A

"' A-6 4
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HUTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHIMUKIUK

IN VITRO ASSAYS WITH SALMONELLA TYPHIPURIUM
OF ARMY DYE YELLOW

RESEARCH LAO: 688A ON 04/06/84 08/27/84

TEST TYPE: PLATE TEST - PREINCUBATIOPE STRAIN: TA0CO

A HISTIDINE REVERTANTS PER PLATE

C uGS PER
COMiPOUND T PLATE A a C 0 5 MEAN STO

P05 CONTmOL
14AAZICE j.60 1227 1278 1267 1257.33 26.84
2-AA RLAC46 115 354 307 3.ý7 332.6? 23.80

NEG CONTkOL
01,"EYHYSuLF iLACZ6 1C~.COU 102 11? 115 113.33 4.73

- 1C0G..u 144 132 1 ? 134,33 b.74

f'LA0Z6 1.w'c 129 133 131.00 2.83
fL A C' e4 5. C 132 132.40 0.00

* ILAC46 I C. 6,1 151 14G 145.50 7.78
ALA~e6 3..s 156 1ac 163.00 16.97
"mLAGZ6 5ý.c.0 1;4 ici 198.50 6.36
iqLD.~r 1Ziw.cO 155 156 154.50 ý.71
IELiO26 3CC.c..0 172 137 154.50 216.75

ill~iC 11 12;~ 120.CC 12.73
- .z.C ill 13? 124.00 10.39

- 16.ýc 100 13. 116.50 2.).33
- 3L.00 139 101 12C.CO Za67~
- 5c.00 194 125 159.50 46.?9

- CC.0O !Q3 110 100.50 16.iS

- 3:.co 123 113 119.co 5.66

G-PGS T-OPT
PHEMCCOPY C14ECA :TR6E 106TANTS % SPpa
STERILITY S-i %OT CONTAMINATED To-y0xIC M-4G S e-PPS
SAMPLE STERILITY: NCT ~CC.TAMINATED TNtC-TOO NUMEROUS TO COUNT L-NLS !1M00

ACT MIX/PLATE : c,%Gi NATC-NCT AdjLE TO COUNT U-ULS C-UjM

A-6 7
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MUTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
Of ARMY DYE YELLOW

RESEARCH LAO: GBaA ON 06101/84 08127/84

TEST TYPE: STANDARD PLATE INCORPORATI0h STRAIN: TA102

"A HISTIDINE REvERTANTS PER PLATE
C tiGS PER

COMPOUND T PLATE A a C 0 E PEAN STO

POS CONTROL
OTmta P4S RLA027 36.00 1111 984 10G9 1C34.67 67ý28

- .. 50 349 335 3o2 355.33 24.13

NEG CONTROL
DIMETHYLSULF RLACZ7 1CC.COU 1O0 1Co 100 105.67 4..93

.- 10O.Ou 57 40 42 46.33 9.29

NLAOe7 10.00 0cC icC 100.00 0.0o
LA237 j.c 14. 162 153.00 12.73

RLA07 5u.ý0 186 137 166.50 0.71
hLA07 100.C0 213 19t, 201.50 10.26
RLACZ7 3%.ýG0 188 2Co 197.00 12.73

- 1c.10 i5 iCi 93.00 11.31
%-.0N 113 91 102.00 15.56
5ý..0 113 1i1 111.50 2.12

- Z. 1.60 71. 1c: 87.00 10.38
- 3%,CO.O 96 11) 105.50 13.44

/

G-PGS T-OPT

PHENOCOPY CHECK : TRUE RUTANTS N-NGS P-PPs
STERILITY S-' : NOT CONTAMINATED T.-TOXIC M-MGS I-Poe
SAMPLE STERILITY: NOT C:NTARINATED TINTC-%O NUPECOUS TO COUNT L-NLS 1-0M

SACT MIX/PLATt 5:0ZUGS mATC-NOT ABLE TO COUNT U-ULS C-UM

A-70



MUTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS wITH SALMONELLA TYPNI4URIUA
OF ARMY DYE YELLOW

RESEARCH LAS: 686A ON 06101/9 O8/2?/8a

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TAlC2

*RLAC2?

POSIrIvE CCNTROL USED wAS DANTwION. DYES START TO PRECIPITATE OUT OF S•L
6TION AT TIE 3CUG DOSE.

POSITIVE CONTROL USED wAS MITOMYCIN C.

A-71
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MUJTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALI0NELIA TYPHIMUIUM

IN VITRO ASSAYS WITH S.-LMOkELLA TYPHIPUSIUP
OF ARMY OYE YELLOW

RESEARCH LAB: 6985 ON a6/a6!14 08127/i'.

TEST TYPE: STANDARD PLATE INECORPORATION STRAIN: TA1OZ

A hISTIDINE RUEAETANTS PER PLATE
C wGS PEk~

COMPOUND T PLATE A I C 0 -EUAN STD

P01 COTslOL

-. So5 1182 1164 1170 1173.33 7.57

NEG CONT11OL
O1I4ETNYLSULF IILA027 1OC.ýCtjh 257 Z3/. Z..9 243.33 12.10

-. ~ co 15. (46 1,5 0'.~ .36

kLACZ7 10.00 '40 441 AZZ.co 26.87
raLAC-Z7 3ý.cc 538 46'. 501.00 52.33
ALACZ7 56.00 603 00;, 0!.50 3.5'
kLACj7 1C.ý 640 6664 oS2.50 17.68
IkLACU? 30w .,j 678 662 670.00 11.31

- 10ý 341 35C 345.50 o.36
% ..0 474 44j, 457.00 24.C4

- CQ 5 So6 (z.2 465.00 57.98
- IC.:o 441 463 4,52.00 15.56
- 3Cw..cc 485 517 501.00 2i.63

G-PGS Y-OPT
PNEN(.COPY CHECK TRLU5 OtTANTS NN6GS p-p
STERILITY S-i : **CT CON~TAMINATED T'-T0XIC 14-PGS *-PPe
SAMPLE STERILITY: P#OT CONtAP'INATED TNTC-T~jO NuPEROUS TO COUNT L-NLS I a
ACT MIX/,hLATE 5c:wos NATC-04T AbLE TO COUN4T U-UJLS C-UA

A- 74



MTUGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONEIA TYPHIMRIUM

IN VITRO ASSAYS WITH SALNObELLA TYPkIPUIIUM
Of AQRY DYE YELLOW

RESEACHN LAO: G63A ON 06/06184 081?718&

TEST TYPE: STANDARD PLATE INCORPORAT10k STRAIN: TA102

SACKGROUD0S :

(4)C ON TAN IhA TE;

A-7S



MUTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHIMURIUM

IN VITkO ASSAYS wZTR SALMONELLA TYPHIPURIU"
OF ARMY DYE YELLOW

RESEARCH LAB: 696A ON 06108/84 08127/84

TEST TIiPE: STANDARD PLATE INCORPORATION STRAIN: TAIG2

*OLAC27

0AhTmRQN WAS USED AS TmE POSITIVE CONTROL.

MITCnYCIN C %AS uSED AS TI'E POSITIVE CONTROL.

A-76
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MUTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
OF ARMY DYE YELLOW

RESEARCH LAB: GBOA ON 06115/34 08127184

TEST TYPE: STANOARD PLATE ZNCORPORATION STRAIN: TA102

A NISTIOINE REVERTANTS PER PLATE
c uGS FER

COMPOUND T PLATE A a C 0 E MEAN STO

FOS CONTOL

OTHER POS ELACt7 6.50 1252 1377 13v2 1370 1347.75 64.49
- 3.... 1380 132U 13 3 1361.*C 35.54

NEG CONTiOL
DIOEThYLSILF RLAC27 100.ýCU 264 264 2c6 264.67 1.15

- l..4Cu 2E•Z 186 213 f01.c0 12.53

SMGS-34-6C4
kLAC47 1.ý0 233 292 287.50 6.36
.LAOe? 5.0c 317 377 347.00 42.'3
kLACe.7 %s.ci 4.;3 341 372.00 '3.3'
.LA0c7 !u.CO 5169 522 535.50 19.09
ALAOU7 Slo.O 098 64i 673.5C 34.65
RLACe7 100.GO 711 707 709.00 2.63
RLA07 3C0.OC 777 701 739.00 53.74

- 1..0 217 191 20'.G0 10.13
5.00 30C 28C z9C.CO 14.14

IQ- .W0 363 35; 371.00 1a.;?
3c.co '17 413 415.00 Z.83

- vi 0 c 1'.4 '44. 445.50 345'
100.00 463 461 462.G0 1..1
4.G0w* 435 50 467.50 45.16

G-PGS T-PPT
FHENOCOPY CHECK : TRUE mUTANTS N-NGS P-PPM
STERILITY $-i : %OT CONTAMIATED T*-TOXIC "-MGS 8-PPS
SAMPLE STERILITY: NOT CONTAPINATED TNTC-ToO NUfEQOUS TO COUNT L-NLS 1-00
ACT PlxlALATL %'^NUG$ NATC-NuT ABLL TO COUNT U-ULS C-Um

A-79
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MIITAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHI M ~IUM

IN VITRO ASSAYS WITH SALMONELLA tYPI4IMUIIUM
OF ARMY DYE YELLOW

rkESEARCH LAS: 58aA ON 36i01/84 08/27/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TAIC4

A HISTIDINE RE'VERTANTS PER PLATE
C uGi PER

COMPOUND T PLATE A a c 0 E MOEAN STD

FOS CONTitOL
2-AA 14LAOI.7 3.c.o 2393 2440. 2407 2'.33.33 !7.45
OTHER P6,S - 17.00 7a5 851 777 797.67 46.58

NEG CONTkOL
OIMETIIYLSULF qLAC&7 11C..COu 312 311 3,.G 321.cc 10.161

- C.~~ 262 sz; 271 285.33 32.1;3

ALACZ7 1G.'Wo 465 467 476.00 12.73
ALAC,7 Z,6..ý 4a6 491 47a.50 17.68
mkLACt? 5i..Ga '83 0.65 474.CC 12.73
6LA047 1Ow.6C 4746 494 '83.c0 12.73
RLA%^f.7 3OGQ.C 341 340 343.50 3.51.

- L.oo 343 3CL 323.00 zc.28
- 3u.i0 290 2;> 292.50 3.54

SL.; 305 325 315.cc 14.14
- 10C. "0 323 31i 321.30, i.E3

- 293 31i, 306.co 1$.33

-G-PG S T-OPT
PHENOCCPY CHECK( : TRUE mItTANTS N-NGS P-pp"
SThRILITY S-,p : NOT CONTAMIN4ATED T.-TOXIC M-MGS 9-~PP
SAMPLE STER:LITY: NOT CON'TAMLNATED TNTC-T(CO NwPJERQUS TO COUNT L-NLS !-%I
ACT MIA/1-LATE !CCuGS NATC-NCT ABLE TO COUNT U-ULS C-UM

A-82



"IUTAGENICITT TESTING OF C.I. SOLVENT YTELLOW No. 33
IN SALMONELLA TYPHIIMIUM

IN VITRO ASSAfS dITH SALMONELLA TYPHIMUNXUM
OF ARMY DYE YELLOW

IESEARCH LAB: GDBA ON 36101114 aa127/18

TEST TYPE: STANDARD PLATE INCORPOXATIOh STRAIN: TA104

POSITIVE C~hTROL USED wAS METHYL GLYOXAL.

A-83
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'UJTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHIMUIUM

14 VITRO ASSAYS oITN SALMONELLA TYPHZPURIUM
OF ARMYT DYE YELLOW

RESEARCH LAS: C688A ON C6i08/34 08/27/84

TEST TYPE: STANDARD PLATE INCORPORATIOP. STRAIN: TA104

A IIISTIDINE REVERTANTS PER PLATE
C 6.G$ PER

COMPOUND T PLATE A S 0 E ME AN STO

POS COhTiOi.
2-AA kLAC27 3.LO 2053 2~CC 2Oa6 2ý47aOO 4-2.32
OT~4ER PQS src-c 1810 1718 1740 1769.33 4.6.92

NEG C0PwTK0L
OINETIYLSw.LF iLAC47 i1 ....0-o. 363 40i 375 38C.CO 19.97

- Cu..Cu 277 260 279 274.00 ?*Cc

kLA:47 1...0 30 301 315.00 19.80
RLAZe7 5.w'0 301 35a 359.50 2.1?
hLAI'e- 1..Z.C ''2 463 '62.50 23.99
iLACZ'? 3:..0 533 50Z 517.50 21.;2
h'LA%?4 54.0 scCC 53t 578.00 25.'6
ALAC07 10(,.ý. 4.76 suCý 4.88.CO ¶6.;?
kLAC27 30w.'.'0 452 451 451.50 0.71

-. J 2580 2ssi 269.50 16.26
- 5*.cO 31' 071 294.00 !2.!.3

- 1.00 324 310. 319.CO 7.07
14!.ý0 32' 31? 320.50 4.95

S .J..co 3067 2 9 c 323.00 33.94
- c.6.C 343 32a 334.50 12.02

- 3C...i..O 336 34.0 338.00 2.83

G-PGS T-PPTPHEhCCOPT ZNECu. TRwE f46TANTS -GSPP1
STCRILITY S-,; NOT CONTAMINATED T*-TOXiC "-"GS B-~Pp
$APPLE STERILITY: N.CT CCNT1AM:NATED 1NTC-T%0 NUIOEQCUS TO COUNT L-AILS I-"Pl
ACT MIA/,-LATE 5.ZuGS NATC-46.T AbLE T0 COUNT U-ULS C-UM

A-86



MiiGENICITY TESTING OF CI. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHIMURIUK

IN VITRO ASSAYS WITH SALMONELLA TYPHIPURIUI
OF ARMY 016 YELLOW

RESEARCH LAS: G6IA ON 06/0/94 08/Z7/84

TEST TYPE: STANOARO PLATE INCORPORATION STRAIN: TA104

I

MET"IL GLVGXAL WAS USED AS A FrOSITZVE CONTROL.

I

A-a7
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MUTAGENICiTY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHIMRIUM

VITRO ASSAYS WITH SALF40NELLA TYPNIPUNJUEI
OF A.-1' DYE YELLOW

RESEARCH LAS: 6,35A ON 06/01/b4 08/27/64

TEST TYPE: STANDARD PLATE INCORPORAT10h ~ STRAIN: TA1535

A HISTIDINE REvEkTANTS PER PLATE
c iUGS PER

COMPCUIO T PLATE A a 0 E MEAN STD

POS CONlitOL
NAAZIiDE - .0 1021 1031 CY59 1003.67 !9.CO
2-AA NLAC27 3.00 153 164 1 !2 149.67 lo.26

NEG COlNT'kL
D0ZNETHYLSULF RLAC47 1C3.O~u 26 21' Z 26.3.3 i.52

- J.~u 37 44 3 38.00 5.57

itLAC,67 1ý.3C 27 2t27.50 0.1?
RLALOc7 36..-C 18 25 21.100 4..95
RLAC47 5.ý 17 2 19.00 2.83
kLA:47 1 15 17.CO 2.t3

- 1%.oo 4e8 3 'Z.ca 0.49
3WX.Co 31 2a 29.50 2.12

- 5..I3 2' 32 Zd.C0O 5.06
- .. 0 36 't36.G0 C..Co

- 3CUj.to 55 37 46*CO 12.73

G-OGSI -POT
FH~ENOCCPI CHECK: TRLuE "wTANTS M-RGS P-OP04
STEIIL0TY S-i : %01 CON.TAMINATED Ye-ToNic 14-OGS e-OPS
SA14PLE STERILITY : .'.CT CON.TA14INATEO ThTC-TvO NU00t3OUS IC COUNT L-NLS : -940.
ACT PýIA/PLAIt~ !: -.UGs %~AC-%(,T A8LE TO COQNT U-tLS C-UM

A-90
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"-UTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHIMURIUN

IN VITRO ASSAYS wITH SALMONELLA TYPOINuRIUMOF ARMY DYE YELLOW

RESEARCH LAO: GBIA ON 06/08/84 08/27/84

TEST TYPE: STANDARD PLATE INCORPORAT1O0 STRAIN: TA1535

A NZSTIDINE REVERTANTS PER PLATE
C us$ PER

COMPOUND T PLATE A a C D E MEAN SID

POS CONTaOR
4AAZIDE * 3.ýO 1003 ;79 1014 498.67 17.91
2-AA kLAOc? ..,;a a9 1&3 119 1C0.33 1C.26

NEG CONTEOL
DIMETNY6SULF kLAC•? 1,0Q.O 25 2. 18 22.33 3.70

- • 2 2 48 32.33 4.0i

iMGS-d4-wC02
ALACZ? Ir. c 20 2ý. 20.00 o.c~
k L i. Cc7 9 1: 13.50 8.35
QLAC27 Sl...O 15 1. 14.50 0.?1
iLAG&7 IC.ý..3G 20 11 18.50 2.12
ALACZ7 3CC.zO Ic 1* 13.C0 4.24

* 25 Zt ~co I..*j
- !i.*0 32 3o 34.00 2.83

* . 56.*G 36 3; 34.'50 2.12
- ~ ~ i 40.0 1 5 5.50 o.36

"- 3L.~9. 2 3'. 31.50 3.54

G-PGS r-PPT
FHENOCOPY CHECK : TRUE vuTANTS %-NGS 0-PP-
STERILITY S-5 *.OT CONTAMINATED To-TCRIC M-MGS 9-PP9
SAMPLE STEqILITY: %OT CONTAMINATED TNTC-T•oO NUMcROUS TC COUNT L-NLS :-*
ACT MZXIPLATE : 5cWGS %ATC-NCT AaLE TO COUNT U*LS C-L

A-93
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MUTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMOQNELLA TYPHI.MURUM.

IN VITRO ASSAYS WITH SALMONELLA TYPHIWLURIUM
Of ARMY DYE YELLOW

RESEARCH4 LAD: GSdA ON 06/01/64 03127/84

TEiT TIPE: STANDARD PLATE INCORPORATION STRAIN: TA1537

A HISTIDINE MEvEATAPETS PER PLATE
C uG PER

COMPGUN~D T Pl.ATE A I C D E WE A% STO

P05 CONTmtCL.
- 1fA.. 1129 1111 tac 1ca...co 134.46

,-AA iLC7 .O 304 38C* 3*3 542.33 3

KEG C3.?T.OL
OZ!ETH.YLSULF kLA:47 1.Oi 17 15 i7  19.67 6.43

- CL..~c4 14 la 9 13.53 5.C!

ihLAý27 1v.oc is 2 ,23.50 7.78
h LA 6 27 3.O4C 25 z52S.co 0400
k L ACe.7 5 wiC 2 ? 33 30.50 3 .5'c
RLAQ27 1:X.ýc 32 2)28.50 4.ýs

- w~ Is1 14 13.50 2.12
% 3..CC 13 1. 13.~ .o L.0o

- 5... 1~ lo17.CO 1..1
Z O.~ 5 1? 21.00 5.66

- 3C...0 as 23 24.00 1.41

G-PG S ?-PPT

PHENOCOPY COECK : TRU~E W"jtAhrs N-NES P-0pm
STERILITY S-v : NCT CONTAMINATED T 0 x I C N-MGS S-OPS
SAMPLE STERILITY: NOT CONTAMINATED TNrC-%0~ %uPERCUS TC COUNT L-PLS 1-00
ACT 04LA/PLATE !C: %vAtC-NwT ABLE TO COUNT U-WLS c-UP
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MWTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHDMUIUM

IN VITNO ASSAYS wITH SALPONELLA TYPHLMURIUM
OF ARMY DYE YELLOW

IESIAR0N LAO: 698A ON 06108/84 os/Z?/84

TEST TYPE: STANDARD PLATE INCORPORATION. STRAIN: TAI53?

A NISTIDINE REVERTANTS PER PLATE
C UGS PEA

COPPOUN,0 T PLATE A a C 0 E NEAN SID

FOS CONTROL
9-AA w " 512 605 &b3 523.33 76.63
2-AA r6LACi7 13.ýO 314 31. 311 313.67 2.52*

?IEG CONTR'OL
31"ETb.YLSULF QLAO07 IC.C an 16 18 18.00 2.w'0

- 0.0 1 12 ? I? 1.2.Co 5.CO

mLA~4.7 ?1.t4Q ad 1? 21.50 o.36
PkLArG47 3.4.co 27 30*OCO '.4'

RLA027 swowuC 36 4w,. lbeca 2.33

RLAC47 I Cl....jO 24 31 27.50 -*. 9s
ALmCZ? 3Cw..CC .31 2c 28.50 3.51,

- I..0 12 1212.00 0.c0
- z...0o 29 li 24.00 7.c7
- 5W..00 28 2r. 27.CO 1.&I

I 1Cto 0zc Ii IT id.5O ý,.?1
- .C(,co 2c 17.5C 3.54

G-PGS ?-OPT

PWINOCQPY CHEICK : T066 MvTANTS N-NGS v-pp"

STERILITY S-9 : OT CONAPINATED T.-TQN&IC R-p6S e-009
SAMPLE STERILITY: sOT CON.TAF14ATED TNTC-TwO 4UMEROUS TC COUNT L-NLS :-*"
ACT fOLA/PLATt .tk NATC-NOT ABLE TO COUN~T U-ULS C-UP

A-99
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NUTAGENICITY r-STING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA Tr ?HIMURIUH

IN VITRO ASSAYS WITH SALMONELLA TYPHIPURIUM
OF AART DYE YELLOW

RESEARCH LAS: GBOA CN C6/01/64 08/27/64

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1518

A HISTIDINE REVEERTANTS PER PLATE
c UGS PER

COP'POU'D T PLATE A a C 0 F EAN STD

FOS COkTAOL
2-k .ý..O 476 -!Z 512 473.33 '-.0.72-AA r-.Lce.? ~.105 7C4 72'o avZ 7C8.33 li.'is

NEG CONTU.CL
0IPETIh7Y.SwLF kLAC.7 1CC.Ouv 26 25 0625.cc 1.00

- low.....0 17 13 is 16.C.O 2.65

RLC4 I.-CC ~44 4G.00 5.66

kLACZ7 5c.00 31 27 29.00 2.83
A LAO i 1:. ._0 36 27 32.50 0 '.;5
ftLACZ7 3111C.00 22 33 33.00 7.C7

- 1.wC 2& 21 24.50 16.;5
%O3L.O 13 413.50 3.54
5 W*.i. 15 21 18.00 %..24

- 1C0 rd 1 17.50 0.71
- .LC.00 19 2ri 24.00 7.C7

PHEP4CCOPY CH4ECK : TRUjE Pw.,TANTS NNGS v-PP"STERILITY S-'v : %0T CONTAMINATED To-Toxic m-MGS e-ops
SAMPLE StEAILITY: NCT COsTAPOINATED TSTC-T;O NUPEROUS TO COUNT L-%LS 1-00
ACT MIA/PLATc 5CC~,Gi NAtC-NOT AeLE TO COUNT 1j-uLS C-IA

A- 102
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MUTAGENICITY TESTING 0F C.*I * SOLVENT YELLOWJ NO.* 33
IN SALMIONELLA TYPHINURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHLPURIUM
OF ARMY DYE YELLOW

RESScAR%.M LAQ: 689SA ON 0610b/84 08/27/814

TEST TYPE: STANDARD PLATE IP4CORPORAT10h ST2A1N: TAI53a

A HISTIDINE REvERTAt4TS PER PLATE
c uGS PER

COPPOUhO I PLA3TE A a C 0 9 14fAN STO

Fos CONTAOI.
2-%F 4 .60 502 6Cl 5 a 544.67 53.0c
Z-AA ALA ý5 816 ac? ed a 17.00 1c0.5 4

NEG C0NT,%CL
DIRET,,YLSkoLf RLAO27 1Cw..CU aC 62 73 71.67 1 o C7

- i 1 19 lrv.j3 1.53

SMGS-64-vo~z
11LA027 I..uo 31 31 11.00 c.co
ikLA0O'7 36u.~C 37 27 32.co 7.07
RLAC07 3..., 3E 31, 38.50 .3.71
kLA^27 1O0ýo.C. 37 28 32.50 0036
IL..ci 7  33.W 2i 2. 28.00 wG00

e ~ L 1.. 10.50 3.54
- 6~0Ce 1.. 11.50 .1.54

%5..cc 14 2f 21,50 10.61
l ouloc 17 IV, 18.c0 10.4)
5 01,.14 12 1~ r..C /.2'

G-PGS - 0 0
P141.%C.Copf LPIick TRUdE MUTANTS P4-%GS O-P1
011RL&.TY 4-T : NOT C0NTAPINATEO T-Toxic 04-GS 9*Bps
'APPLE STEAILITY: .19T COVT0APINATEO TNTC-TOO NUPOER0US TO COUNT L-NLS 1-140
ACT FIX/IoLATE 5z WG NATC-NtT A6Li TO COUNT U-ULS C 'UP

A- 105



MUTAGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHIMITRIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
OF ARMY DYE YELLOW

lESEARAL LAS: GB8A 04 06/08/&A 08127/94

TEST TYPE: STANDARD PLATE INCORPORATION SIRAIN: TA1536

**LAC2 7

F, SPONTANEOUS COuNT FOR 1538 IS hIG4•. SMALL COLONIcS ON THE PLATE ACCOUNTE
0 D FOk THE -iGH CCUNT. SMALL COLONIES wERE IALOONELLA.

IA

pA-106
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!IYTGENICITY TESTING 0? C.*I * SOLVENT YELLOW NO. 33
IN SA LMONELLA TYPHI MUIUM

IN VITRO ASSAYS WITH SALPONELLA TYP%1MURI~U
OF ARMY BYC YELLOW

RESEARCH LAO: 686A ON 06120184 08/Z7/84

TEST TiPE: STANDARD PLATE INCORPoRAT10h STRAI?4: TA1538

A HISTIDINE RfERETAhTS PER PLATE
C uGS PER

COMPOUNDO T PLATE A I C B E ME AN STD

P05 COhTAOL
2.% 3.00 492 SC4 551 515.67 31.1!

2-AA ALA027 G.50 668 714 737 7C.3 35.13

K.EG CONTmOL
D1~ETmV4SWLF ALAOZ7 10C.COU 45 Vi 36 40.00 4.58

- C4.ýcu a 12 16 12.00 .W

R L*C Z7 1%1.%10 31 2a29.501 4.l2
KLACZ7 3L.ZiC 31 26 29.50 2.12
hLAC.0 swý 39 43 41.00 2.b3
".LAC47 100.00 36 3i 34.00 Z.43
mLACGJ 3:6.CD 25 2S 24.00 1.,61

- ¶640 19 20 19.50 u.?l
- 30.0 17 7 12.CO 7.07

%95..0 14 13 14.50 0.71
I 1ca.C 16 IV 17.50 2.12

- M.cio 17 15 16.(;0 1.41a

G-PGS T-OPT
PHENCOcP? CNECA :TR4E PkiTANTS N-NGS P-ppm
STERILITv S-,; v CT CONTAMINATED 1.-roxic A-MGS 8-PP9
SAMPLE STERILITY: :-01 CONTAMINATED TNTC-TOO NuMLROUS TO COUNT L-NLS I-mM
ACT .9IAir-.ATE ý:.L NTC-NUT AdLE TO COUNT U-uLS CIJM

A-109
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MUTAGENICITY TESTING OF C.I * SOLVENT YELLOW NO. 33
IN SALMIONELLA TYPHIMUIUM

Wi IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
OF ARMY DYE YELLOW

RESEARCH LAO: 688A ON 03/3c/64827'a

TE4T TYPE: STANDARD PLATE IN4CORPORATION ~ STRAIN: TA9e

A oZSTZOimE iEVENTANTS PER PLATE

c UoS PER

COMPýUN.O T PLATE A 6 C 0 E %E AN SYD

FOS CONTROL
2-% 3 300 312 315 309.00 7.94

2-AA kLA026 .. 50 575 837 353 oS.CO 1;.418

&EG CONTitOL
0IMLThiYLS6.LF R LAC 1'6 1:C.ýC6 oC 41 1.8 49.ý7 .o

- 1CL..ýCu 28 33 so 30.33 2.52

ftLAC4L6 i.,i0 57 51 54.00 '6.24
kLACýO 5-3 55 5-. 52.50 3.151

RLA0t.6 !6..z0 55 57 soeCO 1.41
OIL-GZ6 5~.0c 67 5'6 60.50 ;.19
kLAO40 lCC..CO 64 45 53.40 ¶1.31
KLAC46 3C6..,C 48 51 49.50 2.123 LACj0 5 C 'C48 4 ! 45.50 3.54
"kLACý6 10CLoJC 29 40 34.50 7.75

- 1uC ig Z 27.50 Z.12
S .V.o 30 31ý 3C.w00 c.ý0

1G¶.00 48 31 '0.50 IC.61
- 3C,.6.0 36 16 27.00 ¶2.73
- 5L..C0 21 2ý25.00 S.a6

- c0.wo 29 2G 24.50 0.36
- 30ciew0 29 3k 29.50 u.?l

5 CC.CC 37 20 32.50 t.36
- OC.C 32 a7.0 ..6

G-PGS T-PPT
FHENOCC(PY CHECK~ TRLE *'iTANIS N-NGS P-PPM
STERZLZTf S-v : 'OT CCNTA14INATED 7 -TO0x IC M-PG S B-PPS
SAMPLE STERILITY: NOT CONTAMINATED TNTC-TtO NUIPEPOUS TO COUNT L-NLS : -41
ACT MIA/PLATE 5.:GS NATC-NOT ABLE TO COUNT u %L S C -t,1

A-112
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MUT1AGENICITY TESTING OF C.I. SOLVENT YELLOW NO. 33
IN SALMONELLA TYPHINURIUN

IN VITRO ASSAYS WITH SALMOkILL^ TYPN1PUO1UN
OF ARMY DYE YELLOW

RESEARCH4 LAB,. GISA ON 04;06/84 Ci~8

TEST TYPE: STANDARD PLATE INCORPORATION $TRAIN: TA98

A MISTIDINE REVERTANTS PER PLATE

C UGS PER
CONP(JUt.O T PLATE A S 1; D E MEAN 310

FOS CONTkOL
2-%f 4 "Zo 250 27G 255 258.33 10.41
2-AA RLAOe.6 j.50 740 825 817 79'..GO 46094

NE'G CON4TROL
DZMETNYLSuLf '%LAC46 100.GOu '2 31 06 3 3a.67 6.66

ICU.COu 23 29 io 24.a0 1-.5s

RLA0Z6 1.co 45 45 45.00 0.00
fiLA026 5.0 'io 5 54 49.50 6.36
ALAu~e6 1 I.'0 cc) 10 st 48.00 11.31
AL% 3L. wC! 62z 6 65.50 6.S;
qLA02;. su.'00 49 51 S0.00 1.4.1
ALA046 136..00 49 4c 44.50 6.36
ftLAC26 300.00 56 52 34.00 i.83

-1.00 31 2125.50 7.78
- .0 33 2)2.0 5.66
- 1.0 2? 21 24.00 4.24
- 0CC 28 1.1 29.50 2.12

5 r0.00#- 2t ab 27.00 1.41
- 1CC.O0 17 33 23.50 ;.19
- 3:co~a 20 35 27.50 1C.a1

G-PGS T-PPT

PHI4NOCOPY CI4ECK TRUE '*UTANTS N-hGS P -PPOO
STIRILITI I-i : NOT CONTAMINATED T*-?JNzC 14-GS B-PPS
SAMPLE S76ipdLITY: NOT C0NTA14INATED T4TC-TCO NUMEROUS TO COUNT L OL S I~
ACT MIRX/PLATE !ý.ý %ATC-Nht~ AuLi TO COUNT U-ULS C UM A
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MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUM

IN. VITRO ASSAYS WITH SALMONELLA TYPHIrIunIUM
0OF ARMY DYE PURIFIED YELLOW

RESEARCH LAS: G88A ON 03/3G/84.0/2/'

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TAICO

A HISTIDINE REVERTANTS PEA PLATE
c wGS PER

C0MP~duhD T PLATE A B C 0 E MEAN STO

FOS C0N7iiOL
NAAIIDE -. ,,Cc 1179 I2CS 1180 1188.00 14.73
Z-AA ALAOf.6 W950 36!' 36ý 2118 340.33 !6.69

KEG CONTkOL
DIPETnVY.SlLF -LACý6 lcw.0cu 1ý5 101 1Cý3 1C3*CO 2.CO

- OC~.^Ou 103 131. 97 111.33 19s.86

kLAC26 1.CO 112 1C4. 108.00 5.a6
kLAC26 5.ZL0 138 13'. 136.00 2.83
RLA:i6 10.ýc ill 112 111.50 hJ.?l1
itLA"'_ 3L...O 153 1'.'. 148.50 6*36
ALA326 SL..u 149 143 1'.6*CO '.2'.
hLAC26 1C.w.00 1.31 142 136.50 7.?a
ALAGý6 3Ci..ZC 1Z7 12,ý 124..30 3.54.
iLAC26 50ý,..0 113 IC6 109.50 4.FV5
iLAO26 l':oo.U0 101 117 109.co 11.31

-1.0C 126 li107.00 26.67
- 1;1 lj 127 114.C0 16.38
- 1t..C 08 113 105.50 IC.61
- c 30.O 102 t33 . 117.50 ZI.;z
- 5.O 127 117 122.00 7Z

- C~o.o 125 lCri 117.00 11.31
- 30C.ý0 98 120 1C9.Clo 15.56

- 0000 113 10.108.50 o3
- tj0Cý.co 88 sa.CO ý.00

G-PGS T-P
PHENOCOPY CHECK : TRUE PUTANTS N-NGs 0:::.,
STERILITY S-9 :NOT CONTAMINATED To-TOXIC M-MGS p-P8e
SAPPLE STERILITY: NOT CO;WTANINATE0 ThtC-TUO RUPEOCUS TO COUNT LNLS #.am

ACT AIX/PLATJ SCNG ATC-NCT AdLi TO COUNT U-ULS C-

A- 118
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- )4MUTAGENIC ITY TESTING OF PURIFIED YELLOWl DYE
IN SALMONELLA TYPHI MUR IUN

IN VITRO ASSAY$ WITH SALMONELLA TYPHIMURIUM
OF ARMY DYE PURIFIED YELLOW

RESEAR1LI4 LAO: G96A ON 04106/84 08127/84

TEST TYPE: STANDARD PLATE INCONPOIAT1ON STRAIN: TAICO

A "ISTIDINE RE'.ERTANTS PER PLATE
jC UGS PER

COMPOUND T PLATE A a C 0 E M4EAN STO

P4AA1IDE - 4.C0 1253 1350 13iO 1307.67 49.68
2-AA rcLA026 ý.50 953 812 84.2 869.00 7'..Z8

KEG COhT,.OL
0INETbYLSULF kLAOZ6 1CC.00u 115 125 114 118.00 6.ýa

- 1Ci.;Ou 109 102 110 107.00 4.04

*RLAC.6 I ovC 1Q5 1Z? 117.50 13 .14
RLA^.26 50.O 1SO 113 131.50 2a.14
ALAOZO 1i6.GO 152 133 142.50 130.44
kLA026 34,.w, lac 175 177.50 3.54
RLA0Z6 5si.0O 125 1'ý 133.50 12-C;
kLA026 100o00O 152 134 1'3.co 12.71
RL~AC26 30C.00 14' 16Cc 152.00 11.31A- 1.00 11! 156 135.50 28o9ý

- 5.0. 114 137 125.50 16.2i
- i ý.k~0 9! 132 115.C0 21*.Ci
- 30.00 115 13; 127.C0 16.5
- Stý.GO 132 110 121.00 1S.Sý
- 1I6.QG 151 102 128.50 3'..o'
- 3 Cweclo 116 114 117.00 1.41~

SG-PGS T-PP
Pi4E*0C(GPY CHECK :T4t6E "UTANTS N-NGS P-OPP
STERILITY 5-v : OT CONTAMINATED To-T I C. 14-1G S a-aPP
SAMPLE STRilLITY: NOT CONTAMINATED TNTC-T.,O NuPEROU5 TO COUNT L-NLS I-""
ACT MIX/PLATE !:C6GS NATC-NQT ABLE TO COUNT U-ULS C-UM

A-12 1
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MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
OF ARMY DYE PURIFIED YELLOW

RESEARCH LAI: G8IA ON 04/06/81 08/271•54

TEST TYPE: PLATE TEST - PREINCUBATION STRAIN: TA1CO

A hISTIOINE REvERTANTS PER PLATE
C UGS PER

COMPOUND T P6ATE A S C D E MEAN STO

POS CONTROL
NAAZIDE - 3.00 1227 1276 1267 1257.33 26.a'
2-AA RLA026 0.50 354 307 337 332.67 23.6C

NEG CONTROL
DIMETHYLSULF ALAOZ6 10CG.,CU 10E 117 115 113.33 1.73

- 10 9,.0u 141 13i 147 134.33 b,710

sMGS-84-vcL3

ALAOZ6 1.0O 126 14.t 136.00 14.14
RLAC26 5.0O 141 155 11.8.O0 9.90
RLAO26 lo.CO 153 145 11.9.00 5.66
RLA026 30.00 167 177 172.00 7.G7
ALA026 5ý.c0 190 159 174.50 21.92
RLAC26 10G.00 173 180 176.50 4.95

ALAC26 300.CO 173 144 158.50 20.51
- 1.00 137 129 133.00 5.e6

5.00 130 131 130.50 0.71
1j.oo 131 150 1.0.50 13.44
30.00 91 11; 105.00 19.0
5u.O0 107 126 116.50 13,41
100.00 113 11 115.50 3.51.
300.00 89 92 90.50 2.12

G-PGS T-PPT
PHENCCOPY CHECK : TRUE PuTANTS NPNGS p-ppm
STERILITY 5-9 : NOT CONTAMINATED Te-TOXIC M-NGS S-oP9

SAMPLE STERIlITY: NOT CCNTAMINATED TNTC-TO0 NUMEROUS TO COUNT L-NLS I-MM
ACT MZAIPLATE : 5CCiGS NATC-NOT ABLE TO COUNT U-ULS C-UM

A-124
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MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHINURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPNIMURIUM
OF ARMY DYE PURIFIED YELLOW

RESEARCH LAB: 688A ON 06/ala118/2/8

TEST TYPi: STANDARD PLATE INCORPORATION. STRAIN: TA102

A "ZSTIDIP4E REvERTANTS PER PLATE
C UGS PER

COMPOUND I PLATE A 6 0 i 4E AN STO

P05 CaftlkOL
OTNER POs KLAC07 %.40. 1111 964 1009 103/.606 67.Z!

- 4.50 349 335 362 355.33 24.1'

P.Eja CO%TNCL
OIPETIhY6SuLF RLAO07 iC0.COu 108 109 ILO ~ 105.67 /..91

I:1.cO0U 57 'c .2 '#6*33 90iq

b*GS*-'-..CG3
h~LAC27 1w.20 lo10 8 95.00 11.31
ALAC07 !L.c 177 177 177.00 0.C0"

RLACe? ¶00.00 221 202 211.50 13.6.
ALA047 30C.40 136 12. 132.00 5.6d

- 1(0900 99 111 105.CO 604.q
- 36..Co 111 127 119.00 11.31

36~.04 96 8. 91.00 7.G7
- 0OCOOL 1GO 181 130.50 163*13
- 30C0.ý0 138 131 134050 4..w

G-pGS T-PPy
PwfNCCOPT CHECA :TRUE f~t7ANTS 5-~ P-PPM
STERILITY S-9 :NOT COhTAMINATED T'-TOIIC M-MGS 9.opP
$AMPLE STEkILITY: NOT CONTAM0INATED TNTC-TvO NUPEROUS TO COUNT L-NL S I-soM
ACT MIX/PLAT'i S(C.ZUS hATC-40J ABL& TO COUNT U-ULS C-UM

A- 127



MUTAG":NICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
OF ARMY DYE PURIFIED YELLOW

RESEARCH LAS: 68SA ON 06/01/84 08/27/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TAI02

*RLAL2 ?

POSITIVE CONTROL USED bAS DANToRON.

POSITIvE CONTROL USED wAS MITOMYCIN C,

A-128
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MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALIMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
OF AkNY DYE PURIFIED YELLOW

RESEARCH LAO: GaeA ON 06/05/84 03/27184

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA102

A NISTIDINE REVERTANTS PER PLATE
C UGS PER

COMPOUND T PLATE A C 0 E MEAN STO

PO$ CONTROL
OTHER PQS kLA027 3C.00 1253 1203 10•P6 1134C.O 8C.21

C .50 1451 7scOi 15ý? 1439.coo 32.9P2

hEG COnTROL
DIMETKY6S6LF ALAC47 10G.L0U 269 325 312 298.67 26.15

- 100.GGu 215 21; 203 10.33 a.43

NLA07 1i...0 471 4C7 442.50 SC.23
"LAw7 3C.GO 575 551 563.CO 16.57
ALA047 5C.CO 6'2 592 617.00 35.36
hLA02? 1iX.C 656 58a 622.50 47.38
mLA027 3Zý.LC 423 455 #041.50 lq.c9

- 4;.O '00 503 451.50 724.3
- 3j.* 456 441 448,50 10.61

- c.' 40 4D'z? 44'.850 2L7.5
i:.%eoO 447 424 #035.5O 1o.26

G-POr -OPT

P"ENGCGPV CHECK ?TRUE 06TANTS N-NGS P-D*4
STERILITY S-4 N0.T CONTAMINATED T--TONIC p-ois eS-OP
SAPPLE STERILITY: NCT CCNTAMI4ATED INTC-TO NUPEROUS TO COUNT L-%LS :*40
ACT PlIlPLATt N.ATC-NuT A6LE TO COUNT U-ULS C-QM

A-131



MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPMIZURIUM
OF ARMY DYE PURIFIED YELLOW

RESEARCH LAB: G88A ON 06/05184 C3127/84

TEST TYPE: STAhOARD PLATE INC')RPORATI0h !TRAIN: TA10Z

'RmLAL? 7

POSITIVE CONTROL USED WA5 DAP4THiRON.

POSITIVE CONTRjL USED mA-- MITOMYCIN C.

A-132
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MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPNIPURZUM
0OF ARMY DYE PURIFIED YELLOW

NESEANCH LAO: 608A, ON 06115/84 08/27144

TEST TIPE: STANDARD PLATE INCORPORATION STRAIN4: TA102

A "ISTIPINE REVERTANTS PER PLATE

C UG$ PER

COMPOuka T PLATE A 9 C 0 E MEAN ST'o

POS CONTiOL

OTOEA P(oS ALAC e7 ý.ý 1252 1377 1 ,2 %.7G 1347.75 6 46 7

-
3 W.00 13&0 132G 13.3 1361.00 35.54

PIEG CONTROL
0jNkTmYLSL.LF fRLACZ7 1%.ýCu 264 264 2*6 264*67 1.15

- CQ..0Ou 2C2 18t 213 ..O1.co 14.53

bMGS-34.Cwd3
N LACe? i.oa 279 239 259.00 2b.29

flLAC0' 5.60 329 33'. 331.30 3054

foLAC(.7 108%..o 16'. 39i 37a.CO 19910

ALA-ý7 %~.00 538 532 535.00 4.21

RLAC07 sf . a26 63a a32.G0 8.49
RLAO07 10W.C0 656 01.3 6'9.50 9.19

kLAC&7 3CC.Ca0 539 tip o29.00 14.1'.

-109'0O 211 217 214.co 4.24

- 5.00 313 so0. 306.50 0.36

- IC.C.0 341 342 341.50 0.71

- .oc 404 420 1.15.00 15.56
- .60 475 407 441.00 1.6.Gg

S ciý.ajo 4,61 413 427.00 1i.6o
3- 3CC.0 368 40... 354.00 22.63

G-OGS Y-PPT

P14E'OCOPY CIhECK :T 9QjE MuTANTS NN85S P-PPm

STERILITf S-', : NCT CONTAMINATED To-TGXIC M-P~s 9 ppe

SAMPLE STEk!L!T'V: %ICT COtsTAMINATED TNTC-TOO NUPPEROUS TO COUNT L -L S I -0M

ACT PIX/rLATE :5c,-WGi NATC-NOT ASLL TO COLNT (U-ULS C -UM

A- 135
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MUTAGENICITY TESTING OF PURIFIED YELLOW DYE N
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM

OF ARMY DYE PURIFIED YELLOW
RESEARCH 'LAS: GI1A ON 06/C1/84 Ca8?1/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA104

A MISTIDINE REVEkTANTS PER PLATE
C UGS PER

COMPOUND I PLATE A 8 C 0 E MEAN STO

P05 CONTNOL
"2-AA WLA027 3.00 2393 24'U 24Z7 2433.33 37.1.5
OTHLR PtS - 17.00 765 851 777 797.67 46.58

NEG CONTOOL
DI.4ETHYLSULF RLA0j7 ICC.GOu 312 311 360 321.C0 16.46

- 1CC.jCU 262 323 271 285.33 3Z.93

bMGs-84-LC03

RL .0 7 I(.0O 460 515 487.50 38.89
RLAOe7 30.00 476 510 496.G0 28.28
ALA•27 5G.uO 4bs 4,I 448.50 51.62
RLAC&7 10;..0 273 3C0 287.CO 19.80
ALAOZ? 3%..00 439 377 6C8.C0 43.o4

- IC,.%jO 381 37o 379.50 Z.12
- C. Jow 347 341 344.0 * ' .24

5-..,o 330 31o 338.00 11.31
I c0,..cc 359 31o 338.50 2.99
300,.00 309 297 303.00 8.'9

G-PGS T-PPT
PHEN(iCOPY CHECK : TPUE UUTANTS N-14GS P-PPM
STERILITY S-; ; .,OT CONTAMLNATED T*-T0XjC M-PGS e--PP.
SAMPLE STERILITY: NOT CONTAMINATED TNTC-TO NulMEROUS TO COUNT L-NLS :-".
ACT MIXlPLATj 5CuLGS NATC-NuT AGLE TO COUNT U-ULS C-UM

A-138
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MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUN

IN. VITRO ASSAYS WITH SALMONELLA TYPHIPIURIUN
O F ARMY DYE PURIFIED YELLOW

RESEARCH LAO: GBBA ON 06105/84 08/27/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TAlC4

A hISTIDZNE REVERTANTS PER PLATE
C UGS PER

COMPOUND T PLATE A a C 0 E MEAN STD

FOS CONTROL

2-AA RLAOý7 3000 2424 2346 2444 2405033 5C965
OTH.ER PuS 50ý 1657 1780 1736 1726.33 65.Cfe

NEG CONT'40L
DIMETYL.SULF RLA007 10ý.G0OU 350 S10 2,i0 318.67 30.09

- 10G.JOu 241 252 ezZ 238.33 15.18

bMGS-84uC.%3
kLAC27 1.60 352 33'. 343.C0 12.73
A LAC'..7 5.:0 421-- 3at 395.00 '1.01C
RILAGZ7 70.00 459 477 458.00 26.87
PtLA027 3-:.co 526 50.1 514.50 10.26
fiLACf7 50.00 491 5 4 1ý515.50 34.65
iLAC&? 1CO.CI1 447 ".'.; 443.50 4.95
PILAC0 3C0G.G 410 402 406.00 5.66

1.00D 263 254 258.50 6.16 _

S .LO 238 280 273.00 21.21
- ZG 12. 4 1~ 301 296.CO 7.C7
- 30.00 294 290 2920co 2.83
- 5i.G.G 315 507 311.00 5466

- c0.olw 293 291 292.CO 1.41
4 1 .CU..0 294 284 219.CO 7.07 ..2

G-PGS T-ppy
PHENOCOPY CHECK :TRtjE 0L6TANTS Nt4GS p-pP F4
STERILITY S-ro : NOT CONTAMINATED T-TOXIC 14-OGS 9-pps
SAMPLE STERILITY: NOT LONTAMINATED TNTC-TOO NUPEROUS TO COUNT L -hLS I'Em
ACT .41A/PLATE 5 L Gu0s NATC-NGT ABLE TO COUNT U-ULS C-UP

A-i141



MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIPURIUM

OF ARMY DYE PURIFIED YELLOk
RESEARCH LAS: GB8A. ON 06i05/84 O/I27/8.

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1"4

POSITIVE COhTROL USED *AS I"ETHYL GLYOXAL-

A-142
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MUTAGENICITY TESTING OF PURIFIED YELLOWJ DYE
IN SALMONELLA TYPRIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIPURIUM"•.:0 F, ARMY OVE PURIFIED YELLObp
RESEARCH LAB: G8BA. ON 06105/54 08/27184

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TAI1A

POSITIVE CONTROL USED wAS METHYL GLYOXAL.

A

A- 142
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MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUM

r'i~ IN VITRO ASSAYS wITH SALMONELLA TYPHIMURIUM
OPF ARPY DYE PURIfIE0 YELLOW

RESEARCH LAO: 688A ON 06101/84 c/7&
TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1535

A mISTIDINE REVERTANTS PER PLATEiiC UGS PER
COMPOUNO T PLATE A 9 C D E MEAk STO

P05 CONTkcCL

-NAAZIDE i .00 1021 1031 959 1003.67 39.Zo
Z-AA iLAC27 3.G0 153 164 132 149.67 le.26

LA
NEG C0ONTROL
OINtTI'Y6SULF QLAOC? lc:.CCU 26 2'. '9 26.33 Z.52

- C~oCCu 3? 44 33 38.c0 5.57

ALACJ7 5C.ýC 27 1, 23.00 5.66

ALAC47 10C.3C 10 1? 18.00 1.41
IILACZ7 300.00 22 2L 21.00 1.461

16.L 29 ' 35.50 9.19

- ...o 44 4t~ 2.G0 Z.83

5 ý, ý 36 32 34.00 2.83
- 106'.co 36 4i 39.0 '6.2'.
- ý,. 42 42.00 .00o

G-PGS T-PPT

PHENOCOPY C".ECi. :TALE "UAN~TS N-NG S -P
STERIL;TY S-It NOT COsTANINATED Te-TOXIC M-PGS 9-OP9

SAMPLE STERILITY: NOT CONTAPINATED TNTC-Tw0 NUMEROUS TO COUNT L-NLS :.ON

ACT MIX/PLATE SOCLI P.ATC-NcT ABLE TO COUNT U-UL.S C-1-0

A-145
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"MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIPuRIUN
OF ARMY DYE PURIFIED YELLOW

RESEARCH LAS: 688A ON 06aS0584 i81Z7/84

TEST TYPE: STANDARD PLATE INCORPORATION $TRAIN: TAIS3S

A NISTIDINE REVERTANTS PER PLATE
C UGS PER

COMPOUND T PLATE A S c D E MEAN STO

PO$ (OhTkCL
NAAZIDE " 3.uO 1068 IC57 1C18 1047.67 Za.Z7U 2-AA RLA027 3.Qo 154 154 157 155.CO 1.73

NEG C•hTsvOL
DIMETHYLSULF ALAC07 IC..OOU 32 33 18 27.67 b.39

- loo.cOI 55 5 Q 0 46.33 7.64

ALA027 10G.o 14 16 16.00 2.83
RLAC47 3C. 0 9 17 13.00 5.66
•LC47 L.co0 24 Zz 26.00 2.83
"kLAC,? 10C.00 19 zu 19.50 0.71
iLA027 3CU.GO 21 2i 21.50 0.71

- I0.00 '2 55 48.50 9.19E - 30.00 39 3i 39.00 0.00
- 5t.0o 50 37 43.50 9.19

I- 1Of..0O 48 .3 45.50 3.54
- 30c.00 51 S..% 50.50 0.71

G-PGS T-PPT
PHENOCOPY CHECK : TRUE MUTANTS N-NGS P-PPW
STERILITY S-9 : NOT CONTAMINATED T'-TOXIC M-MGS 8-pp9
SAPPLE STERILITY: %OT CCNTAMINATED TNTC-TGO NUPEROUS TO COUNT L-NLS 1-0"
ACT MIX/PLATE 5: UlS NATC-NOT ABLE TO COUNT U-ULS C-Um

A-148
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Lest Av ,aIble Copy

MHTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUM

IN VITRO ASSAYS WITN SALMONELLA TYPHIPURIUMt
OF ARMY DYE PURIFIED YELLOW

RESEARCH LA3: G68A ON 06101/84 08/27/84

TEST TYPE: STAhDARD PLATE INCORPORATION STRAIN: TA1537

A 1ISTIDINE REVERTANTS PER PLATE
. UGS PER

COMPOt4o T PLATE A a C E MEAN STO

Pos CONTOL
9-AA - 1OG.'O 1129 1111 060 1C40.GO 138.86
2-AA ALACZ7 c.iO 301 38C 3'.3 342.33 3i.CO ..

NEG CONTiqOL
DIMETHYLSULF ALAOZ7 100.O0u 17 15 j7 19.67 6.43

- 1Co.ýCu 11 1• 8 13.33 5.C3

RLAO27 ijOGC 18 19 18.5C 0.71
RLAGe? 3ý.io 36 33 34.50 2.12
.LAO7 5.ý0 39 38 38.50 0.71
ALAC47 CC ..,O 24 22 23.00 1.41
iLAGC7 3Cý.OO 21 11 20.0O 1 .4.?

- lu,0O 19 1a 15.50 #.95 .
3 •,0 14 17 15.50 e.12
5.• 2 7 13.50 9.19

Io-, O 26 14 20.G0 6.49'
3Ch.co 12 11 w IIor) 1.41

G-PGS T-PPT
PHENNCOPY CHECK TRUE MUTANTS N-NGS P-PPM

STERILITY S-,; NOT CONT^MINATED T.-T 0X 1C M-OGS S-PP9
SAMPLE STErILITY: NOT CONTAMINATED TNTC-T 0 NUPEROUS TO COUNT L-NLS IM@P
ACT MIX/PLATE : C 6 G NATC-NOT *tLL TO COLNT U-ULS C-UM

A-1 51
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MJTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIU .

IN VITRO ASSAYS WITH SALMONELLA TYPHIMURIUM
OF ARMY DYE PURIFIED YELLOW

RESEARCH LAO: GBOA ON 06105/84 08/27/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1S37

A NISTIOINE REVERTANTS PER PLATE
C UGS PER

COMPOUND T PLATE A a c 0 E MEAN STO

Pos CONTHOL
9-AA 10-.J0 1258 1335 1452 1348.33 97.68
Z-AA RLA0•? . 561 472 4w8 480.33 76.a'.

NEG C0NTROL
DIMEThYLSULF RLA04? 100.COu 2C 16 17 17.6? 2.C8

- 1CO.OOu 8 6 9 8.33 j.58

RLA04? 1w.Z0 28 20 27.00 1.41
kLA047 !W.00 42 3o 39.0c 1..24

ALA0•7 S,00 30 3i 30.O0 0.co
kLAC47 l0tý.GC 37 31 3'.GO0 4.2'.
RLA007 300.00 19 3G 2'..5O 7.79

- (A.aO 20 21 2C.0O G.Co0
- 3 C.00 17 19 18.00 I.4.1

- sko 6 1 1i 13.00 1.461
- 10c.00 13 1; 16.00 4.Z4

- 3u.Qo 21 12 16.50 a.36

G-PGS ?-PPT

PHENOCOPT CHECK TRUE PUTANTS N-NGS P-PPM

STERILITY S-9 : NOT CONTAMINATED T-TOXIC M-65S B"*P'

SAMPLE STERILITY: -N0T CONTAMINATED TNTC-TOO NUPEROUS TO COUNT L-NLS 1-0N'
ACT MIX/PLATE : 5CGS NATC-NOT AoLE TO COLNT U-ULS C-um

A-154
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Best Available Copy

MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHI1-URIUN-

IN VITRO ASSAYS WITH SALMONELLA TPNIMURIUM.
OF ARMY DYE PURIFIED YELLOW

RESEARCH LAS: 698A ON G6/01/84 08/27/84

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1538

A HISTIDiNE REVERTANTS PER PLATE
C UGS PER

COMPOUNO T PLATE A 8 C 0 E MEAN STO

POS CONTROL
2-m; - 3.00 476 432 512 473.33 40.07
2-AA RLA007 0.50 704 729 692 708.33 16.88

NEG CONTmOL
DIMETHYLSULF RLA027 10G.COU 26 25 zs 25.CO 1.00

- 100.cOu 17 13 18 16.CO 2.85

BMGS-3/--003
RLACZ7 IL.CO 25 3ý 31.50 9.19
RLA027 3c.cO 29 2b 28.50 0.71
SLACe7 5S.30 21 37 29.00 11.31
RLAOCZ7 1CO.JO 17 i 29.50 17.68
"iLA047 306.ýO 2E 2c 2'.00 5*66

- Ic.OO 26 1, 22.50 4.95
- 3.GO 19 1a 18.50 .?1 _

- 5.O 20 17 18.50 Z.12
- 1CL.O 15 IV 17.00 2.0
- 3CI.o 21 17 19.00 2.83

G-PGS T-PPT
PHENOCOPT CH1ECK : TRUE MuTANTS N-NGS P-OPP
STERILITY 5-9 N4OT CONTAMINATED Te-TOxIC M-MGS *-PP ,
SAMPLE STERILITY: NOT CONTAMINATED TNTC-TOO NU.EPOUS TO COUNT LNhLS 1MM-'401
ACT MIAI.LATE : SCOUGS NATC-hwT AaLE TO COUNT U-ULS C-UM

A-i157
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MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMURIUN

IN VITRO ASSAYS WITH SALMONELLA TYPNIPURIUM
OF ARMY 011 PURIFIED YELLOW

RESEARCH LAG: GISA ON 06/0518' 03127/8'4

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA1S!i

A NISTIDINE RNVERTANTS PER PLATE
C u6S PER

COMPOUND T PLATE A U C 0 E MEAN STO

POS CONTkOL
2-NF - 3.CO 615 652 628 631.67 18.77
2-AA kLA027 4050 1001 1063 1052 1058.o7 5.86 -

NEG CONTiOL
ODIETHY4SuLF RLAC&7 1C00.OU 41 19 36 32.00 11.53

- loc,.ju 18 13 1s 15.33 2.52

5MGS-84-U0N3
RLAC&7 G,.00 32 30 31.00 1.,.1
ALAGi7 3.oC0 44 45 "4.50 0.71
ALA027 50.G0 27 33 30.C0 1.24
kLA007 100.00 30 32 31.00 1.1
RLAGi7 300.OC 29 32 30.50 2.12

- 1.00 14 1* 1'.GO 0.00
- 3G.uO 20 16 19.00 1.41 -
- 5;.00 9 Io 12.50 4.95

1OC.Go 19 11. 16.50 3.5'
- 300.Co 9 17 13.00 5.66

G-PGS T-PPT
P4ENOCCPY CHECK' TRUE "UTANtS N-NGS P-0PP 7
STERILITY S-5f NOT CONTAMINATED T*-TOXIC M-pGS S-Pp-
SAMPLE STERILITY: NOT CONTAMINATED ThTC-TO NUPEROUS TO COUNT L-NLS I-M
ACT MIXIPLATE SCAGUG5 NATC-NOT ABLE TO COUNT U-ULS C-UP"

A-160
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Best Available Copy

MUTAGENICITY TESTING OF PURIFIED YELLOW DYE
IN SALMONELLA TYPHIMINURIUM

IN VITRO ASSAYS WITH SALMONELLA TYPHIPURIUM
OF ARMY DYE PURIFIED YELLOW

RESEARCH LAS: GS6A ON 03130/84 08/27/S&

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA98

A OISTIDINE REwERTANTS PER PLATE
C uGS PER

COMPOUND I PLATE A a C 0 E MEAN STO

POS CONTROL
Z-NF - 3.0J 300 312 315 309.00 7.94
Z-AA RLAC26 A.O 575 837 853 855.00 19.08

NEG CONTmOL
DIAEThYLSULF ALAOC6 100.00U 60 41 -.8 49.67 9.61

- 1C:.40u 28 33 ý0 30.33 2.52

6MG S-84-ý,003

RLAGe6 1..0 49 32 40.50 12.02
QLAG26 5.0O 68 '6 48.00 0.00
hLA3I6 ic.co 45 31 '1.00 5.66
xLA0i6 30.c0 37 56 43.50 9.19
NLAOý6 5v.w0 43 61 52.00 12.73
RLACc6 1)L.CO 45 43 44.00 1.41
kLA:6 30C.C0 37 z• 29.50 10.61
RLA046 5Ctj.,O 32 35 33.50 Z.12
RLA046 I 0. ;0 36 35 35.50 0.71

- 1.V_0 21 26 23.50 3.5 ".
-. c0 26 25 25,50 0.71

- .O 25 Zo 26.50 2.12
- 3 ,O 21 2' 22.50 2.12

5G0,0 22 30 26.00 5.66
- 100.0O 17 24 20.50 4.95
- 300,GO 1.3 27 35.00 11.31
- 500.00 20 2c 23.C0 4.24
- 1UO0.00 23 25 24.00 1.41

G-PGS T-PPT
PMENCCOPY C•,ECA TRUE MUTANTS N-NGS P-OP04
STERILITY S-9 : NOT CONTAMINATED TO-TOXIC M-MGS 9-PPS
SAMPLE STERILITY: NOT CONTAMINATED TNTC-Tw0 NUPkROUS TO COUNT L-NLS I-.0

ACT MIX/I'LATE SCOuGi NATC-NQT A8LE TO COUNT U-ULS C-UM

A-163
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MUTAGENICITY TESTING 0f PURIFIED YELLWU DYE
tN SALHNELLATYPHRIMUKIUN

IN VITRO ASSAYS WITH SALMONELLA TTPHIPURIUN

Of ARMY DYE PURIFIED YELLOW

RESEARCH LAS: G6SA ON 04106/84 0oi7i18a

TEST TYPE: STANDARD PLATE INCORPORATION STRAIN: TA98

A HISTIOINE 2EVENTANTS PER PLATE

C UGS PER
COMPOUND T PLATE A a C 0 a MEAN SID

FO$ CONTROL.
2-NF RLA026 C.50 740 825 81? 794.00 46.94

- S.-0 250 27C 255 258,33 1U.1• 1

NEG CONTROL
DIMETHYLSVLF RLAOZ6 100ýo0U 42 31 43 38.67 a.66

- 100.;0u 23 29 20 24.00 (.58

GMGS-44-%,003
RLACc6 i.OC 24 39 31.50 10.61

ALA0e6 5.00 42 42 42.00 0.00

kLAO6 ¶0.00 52 4i s5.50 2.12

RLA0r6 3C.G0 50 74 62,00 16.97 /
RLAOi6 s5.0O 52 5'd 53 00 1..1

AL^026 1O0.00 63 62 62s50 001

RLAC26 30G.00 36 32 34.00 2.83

- 1.00 37 20 32.50 0.36

- s.ov' 29 2ý24.50 0.36

- 1C.00 28 24 28.00 2.63 -

- 30.00 39 1o 28.50 160.85

- so.uo 27 Lu 33.50 9.19

- C1u. 0j 20 21 20.50 0.71

- 300.00 29 32 30.00 2.83

G-PGS t-PPT

PHENOCOPY CHECK : TRUE MUTANTS N-NGS P-PPi -

STERILITY S-9 : NOT CONTAMINATED T.-TOXLC N-MGS s-oP8 ,

SAMPLE STERILITY: NOT CONTAMINATED TNTC-TUO NUPEROUS TO COUNT L-NLS I-S 1 -M

ACT MII/PLATE : 5CuGS NATC-NOT ABLE TO COUNT U-Uvs C-U'm

A-166



Best Available Copy
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